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Abstract
Background  Exposure to air pollution specifically particulate matter causes significant health risk to children which 
increases their susceptibility to respiratory diseases.

Objectives  This review aimed to pool the association between particulate matter exposure and childhood asthma 
and wheeze among children and adolescents.

Methods  This review included observational study articles retrieved from electronic data bases such as PubMed, 
Google Scholar, Hinari, Science Direct, and Semantic Scholar from 1996 to June 17, 2024. Data were extracted and 
analyzed using Microsoft Excel 16 and STATA version 17, respectively. Joanna Briggs Institute evaluation criteria and I2 
test statistics were used for quality and heterogeneity assessment, respectively.

Results  Fourty seven studies with a total of 417,874 of children and adolescents met the inclusion criteria. The 
pooled odd ratio (OR) of the association between Particulate Matter with a diameter of 10 micrometers or less (PM10) 
and Particulate Matter with a diameter of 2.5 micrometers or less (PM2.5) with asthma were 1.04 (95% CI: 1.03–1.06, 
p < 0.001) with significant extreme heterogeneity (I² = 82.7%, p < 0.001) and 1.05 (95% CI 1.04–1.07, p < 0.001) with 
high heterogeneity (I² = 80.6%, p < 0.001) among the included studies, respectively. The overall pooled estimate 
indicates a statistically significant association between PM10 and wheeze, with OR of 1.06 (95% CI: 1.05, 1.07) and 
moderate heterogeneity among included studies (I²=57.5%, p < 0.007) where as more association was observed 
between PM2.5 and wheeze with OR of 1.15. (95% CI: 1.10, 1.20) with an (I² =72.8%, p < 0.001).

Conclusion  The findings of this systematic review and meta-analysis demonstrated a statistically significant 
association between exposure to both PM10 and PM2.5 and the occurrence of asthma and wheezing in children and 
adolescents. Both PM10 and PM2.5 are associated with increased odds of asthma and wheezing, with PM2.5 showing 
a stronger relationship. The significant levels of heterogeneity observed suggest variations across studies, which may 
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Introduction
Globally, air pollution, particularly exposure to particu-
late matter, is the most serious public health concern. 
Particulate matter(PM), which is made up of small solid 
or liquid particles suspended in the atmosphere, is the 
leading cause of air pollution. Particulate matteris divided 
into two categories: PM2.5 (particles with an aerody-
namic diameter of less than 2.5 μm) and PM10 (particles 
with an aerodynamic diameter of less than 2.5 μm) [1, 2]. 
Since their size is very small, they can penetrate deeply 
into the lungs and bloodstream, causing adverse health 
effects [3].

Previous epidemiological studies have indicated a 
strong association between PM exposure and the devel-
opment of respiratory diseases, such as asthma and 
wheezing among children and adolescents [1]. A study 
reported in 2015 shows that PM2.5 was ranked as the 
fifth-highest mortality risk factor that significantly 
increased the worldwide burden of disease [2]. WHO 
and EPA recognize the noteworthy contribution of PM to 
air pollution, its detrimental impact on respiratory well-
being, and the aggravation of asthma and wheeze in this 
population [3, 4].

Asthma is the most prevalent inflammatory disease 
of the airways, characterized by recurring episodes 
of wheezing, shortness of breath, chest tightness, and 
coughing. Exposure to air pollutants, particularly PM, 
has been identified as a major environmental factor that 
contributes to the onset and worsening of asthma and 
wheezing among children and adolescents [5]. PM influ-
ences respiratory health through different mechanisms, 
such as exacerbating airway inflammation, oxidative 
stress, and altered immune responses, potentially leading 
to the onset and exacerbation of asthma [6].

Children and adolescents are more prone to asthma 
from PM exposure [7] because of greater breathing rates, 
lesser nasal particle filtration efficiency, growing immune 
systems, longer outdoor exposure, narrower airways, and 
immature lung tissue, making them more susceptible to 
allergens and irritants [8, 9]. Numerous studies around 
the globe confirmed that both long-term and short-
term exposure to PM cause an increased risk of asthma 
[10–15].

Wheezing and asthma are two of the most prevalent 
respiratory conditions impacting children and adoles-
cents globally, significantly impairing their health and 
overall quality of life [16]. Asthma has become a leading 
chronic allergic respiratory disease that affects children 

globally and has caused significant health challenges in 
recent years [17]. Asthma puts the greatest burden on 
children, rapid increases in global morbidity, mortality 
and reduces productivity including the school’s absen-
teeism. Their growing vulnerability to particulate mat-
ter pollution and other triggers exacerbates asthma and 
wheeze affecting long-term health and development [18]. 
The increasing burden of asthma among children popula-
tions is becoming great concern, with a notable increase 
in magnitude.

The 2015 global burden of disease study estimates 
that 358.2 million people worldwide suffer from asthma, 
12.6% rise from 1990 [19]. According to the estimates of 
the global burden of ambient PM 2.5 and asthma in 2015, 
around 50  million children worldwide were believed to 
have asthma [20]. This trend has been attributed to vari-
ous environmental, genetic, and lifestyle factors, among 
which exposure to PM [21] has gained significant atten-
tion [15]. Existing body of scientific evidence suggests 
that children and adolescents who had early life expo-
sure (before and within the first year of birth) to air pol-
lution due to PM2.5 have a high risk of asthma [22, 23]. 
The level of PM (PM10, PM2.5) which usually exceed 
the WHO safety threshold, were associated with asthma 
[24, 25]. Asthmatic symptoms due to PM exposure are 
documented in 14% of children worldwide [26]. Moth-
ers with particulate exposure during their pregnancy are 
associated with an increased risk of children develop-
ing respiratory illnesses such as asthma and wheezing. 
This relationship has been mostly observed in industri-
alized nations [27–29]. Asthmatic symptoms due to PM 
exposure are documented in 14% of children worldwide 
[26]. Other study indicated that the overall prevalence of 
childhood asthma increased from 8.7% in 2001 to 9.7% in 
2009 [30].

Despite numerous individual studies that have investi-
gated the association between PM exposure and asthma/
wheeze among children and adolescents, the reported 
findings have been inconsistent with varying effect sizes 
and statistical significances. This inconsistency needs 
a comprehensive synthesis of the existing literature to 
clarify the extent of pooled association. Therefore, this 
systematic review and meta-analysis aims to provide a 
robust and up-to-date assessment of the odds of develop-
ing asthma and wheeze among children and adolescents 
exposed to different PM size fractions (PM2.5 and PM10) 
[31, 32].

be due to differences in study designs, exposure level and outcome measurement types. These findings indicate the 
need for strategies to reduce particle air pollution to mitigate its adverse effects on children’s respiratory health.

Keywords  Children, Adolescent, Asthma, Wheezing, Particulate matter, Air pollution, Systematic review and Meta-
analysis
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Methods
Reporting system and registration
We conducted a systematic review focusing on primary 
studies that investigated the relationship between PM2.5 
and/or PM10 exposure and asthma and/or wheezing in 
children from prenatal exposure to 18 years across the 
globe. Our review adhered to the core principles outlined 
in the Centre for Reviews and Dissemination’s (CRD) 
guidance for healthcare reviews and followed the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. The review protocol was 
registered with the International Prospective Register of 
Systematic Reviews (PROSPERO: CRD42024562670), 
which can be accessed at ​h​t​t​p​s​:​​​/​​/​w​w​​w​.​​c​r​​d​​.​y​o​​​r​k​.​​​a​c​​​.​u​k​/​P​R​
O​S​P​E​R​O​/.

Data sources, searching strategies, and study selection
A thorough literature search was performed across mul-
tiple electronic databases, including PubMed, Google 
Scholar, Hinari, Semantic Scholar, and Science Direct. 
We included studies published from the inception of 
these databases in 1976 up to June 17, 2024, by seven 
authors independently (AK, ETA, CD, YM, AE, YT, and 
AEB). Studies from previous systematic reviews were 
reassessed and incorporated into this meta-analysis. 
Additionally, we reached out to experts in the field to 
gather more information on both published and unpub-
lished research. To ensure a comprehensive search, we 
also meticulously reviewed the references in selected 
studies to identify any related studies that may have been 
missed. The MeSH and search filters were included in the 
search strategies (Table 1).

Beyond the primary keywords, we employed synonyms, 
abbreviated symbols, and additional free-text keywords 
to enhance the search. Only full-text articles published in 
English were included in the review. It was made due to 
resource constraints in translation and to ensure consis-
tency in data extraction and interpretation. All included 
and excluded studies were screened using EndNote 20 
and the Rayyan automation tool. Manual verification was 
performed to mitigate the risk due to algorism error, but 
the potential for oversight remains a limitation in the 
study selection process. The screening process began 
with an independent review of titles and abstracts, fol-
lowed by a full-text screening of the selected studies by 
three authors. Any disagreements were resolved through 
consensus. The selection process was meticulously docu-
mented to enable the completion of a PRISMA 2020 flow 
diagram.

Inclusion and exclusion criteria
This review focused on cohort, case-control, and cross-
sectional studies that examined the relationship between 
PM exposure and asthma or wheezing in children under 

Table 1  Searching strategies used for each types of data base 
for observational studies with english Language,2024
S/N Database 

types
Searching strategies for each types of 
data base

Num-
ber of 
studies

1 PubMed ((((((((((((((((((((((asthma [Title/Abstract]) OR 
(wheeze [Title/Abstract])) OR (wheezing 
[Title/Abstract])) AND (children [Title/
Abstract])) OR (adolescent [Title/Ab-
stract])) OR (youth [Title/Abstract])) OR 
(teenager [Title/Abstract])) OR (pediat-
ric [Title/Abstract])) AND (“particulate 
matter“[Title/Abstract])) OR (PM[Title/
Abstract])) OR (PM10[Title/Abstract])) 
OR (PM2.5[Title/Abstract])) OR (“air 
pollution“[Title/Abstract])) OR (“airborne 
particle“[Title/Abstract])) AND (odd 
ratio[Title/Abstract])) OR (odds[Title/Ab-
stract])) OR (association[Title/Abstract])) 
OR (relationship[Title/Abstract])) AND 
(exposure[Title/Abstract])) OR (“environ-
mental exposure“[Title/Abstract])) OR 
(“indoor air exposure“[Title/Abstract])) OR 
(“ambient air exposure“[Title/Abstract])) 
OR (“air quality“[Title/Abstract])

3789

2 Hinari ((Abstract: (asthma)) OR (Abstract: 
(wheeze)) OR (Abstract: (wheezing))) 
AND ((Abstract: (children)) OR (Abstract: 
(adolescent)) OR (Abstract: (youth)) 
OR (Abstract: (teenager)) OR (Abstract: 
(pediatric))) AND ((Abstract: (“particulate 
matter”)) OR (Abstract: (PM)) OR (Abstract: 
(PM10)) OR (Abstract: (PM2.5)) OR (Ab-
stract: (“air pollution“[)) OR (Abstract: (“air-
borne particle“[))) AND ((Abstract: (odd 
ratio)) OR (Abstract: (odds)) OR (Abstract: 
(association)) OR (Abstract: (relation-
ship)) OR (exposure) OR (“environmental 
exposure”))

1843

3 ((Abstract: (asthma)) OR (Abstract: 
(wheeze)) OR (Abstract: (wheezing))) 
AND ((Abstract: (children)) OR (Abstract: 
(adolescent)) OR (Abstract: (youth)) 
OR (Abstract: (teenager)) OR (Abstract: 
(pediatric))) AND ((Abstract: (“particulate 
matter”)) OR (Abstract: (PM)) OR (Abstract: 
(PM10)) OR (Abstract: (PM2.5)) OR (Ab-
stract: (“air pollution“[)) OR (Abstract: (“air-
borne particle“[))) AND ((Abstract: (odd 
ratio)) OR (Abstract: (odds)) OR (Abstract: 
(association)) OR (Abstract: (relation-
ship)) OR (exposure) OR (“environmental 
exposure”))

265

4 Science 
Direct

(Asthma OR Wheeze) AND 37 AND (Par-
ticulate Matter OR PM2.5 OR Air Pollution) 
AND (Odds Ratio OR Association OR 
Exposure)

7,703

5 Semantic 
Scholar

(Asthma OR Wheeze) AND 37 OR (Ado-
lescents) OR (Youth) OR (teenager) OR 
(pediatric) AND (Particulate Matter OR 
PM2.5 OR Air Pollution) AND (Odds Ratio 
OR Association OR Exposure)

255

https://www.crd.york.ac.uk/PROSPERO/
https://www.crd.york.ac.uk/PROSPERO/
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18 years of age including prenatal exposure. We included 
studies without restrictions on the study period, sample 
size, study setting, or publication status, encompass-
ing both published and unpublished research. Obser-
vational studies assessing the association of PM2.5 and 
PM10 exposure and asthma or wheeze on children were 
eligible, with comparisons made between exposed and 
less or non-exposed children. Studies involving children 
exposed to PM from indoor exposure, and ambient expo-
sure were included. However, studies that involved popu-
lations other than children were excluded. The primary 
outcomes considered were adjusted odd ratio reported 
on the association between PM exposure and asthma 
or wheezing in children and adolescents. We excluded 
qualitative studies, studies that could not be retrieved, 
editorial letters, studies with poor methodological qual-
ity based on JBI (Joanna Briggs Institute) criteria, and 
studies did not report relevant outcomes from the 
meta-analysis.

Exposure assessment
The included studies assessed PM pollution exposure 
using two main methods including land-use regres-
sion (LUR) models and ground-based monitoring data 
with cumulative PM exposure estimates. LUR models 
used geographic, meteorological, and traffic variables 
for spatially resolved data, while ground-based monitors 
provided high temporal resolution but limited spatial 
coverage. Cumulative PM exposure captured multi-day 
effects to account for delayed health impacts. This study 
used cumulative effects for studies reporting lagged 
effects, as this approach provides a more comprehensive 
measure of exposure.

Outcome assessment
This review included questionnaire assessments and/or 
physician diagnoses of asthma and wheeze [33] to esti-
mate the association between PM2.5 and PM10 exposure, 
expressed as an adjusted odd ratio. Due to variability in 
methods, effect estimates were retained in their original 
form.

Data extraction and quality assessment
After all articles were exported into EndNote 20 and the 
Rayyan automation tool, duplicate entries were removed. 
The remaining data were extracted using a standardized 
form, which was initially piloted on two included stud-
ies. This form captured study characteristics, outcomes, 
and risk of bias and was implemented in Microsoft Excel 
2016. All authors (AK, ETA, CD, AE, YT, YM, and AEB) 
were responsible for extracting data from cohort, case-
control, and cross-sectional studies. The recording details 
includes name of authorship, publication year, country, 
study design, sample size, type of PM exposure, exposure 

metrics, exposure assessment methods, years of outcome 
measurement, outcome assessment method, and the 
association of PM exposure with asthma [34] and wheez-
ing among children and adolescents.

Following the screening of relevant articles for eligibil-
ity by the three reviewers, the quality of each study was 
assessed using the Joanna Briggs Institute (JBI) critical 
appraisal checklist. Each reviewer independently evalu-
ated the risk of bias for the studies, with the results 
expressed on a 100% scale. Articles with a quality score 
above 50% were included in the subsequent qualitative 
and quantitative analyses. In cases where discrepancies 
arose during the quality assessment, the mean score from 
all reviewers was calculated to resolve any differences.

Data synthesis and analysis
To estimate the pooled effect sizes for the association 
between PM exposure and the occurrence of asthma 
and wheezing, we employed random effects models after 
excluding studies with risk of bias from the review based 
on their JBI scores. An outlier analysis was conducted 
to identify studies with extreme effect sizes that could 
potentially skew the overall conclusions. Additionally, 
a series of sensitivity analyses were performed to assess 
the validity and robustness of the summary measures and 
none of a single study did not unduly influence overall 
findings.

Subgroup analyses were conducted to explore poten-
tial sources of heterogeneity, focusing on factors such 
as regions, study design, exposure assessment methods, 
outcome measurement methods and exposure level for 
association between PM and asthma. The heterogene-
ity of the included studies was assessed using I² statistic, 
where values below 50%, 51–75%, 76–85% and 86 − 00% 
represented low, moderate, high and extreme heteroge-
neity respectively [35].

We considered a 95% confidence interval (CI) and 
a p-value of less than 0.05 as statistically significant for 
associations, presence of publication bias, and heteroge-
neity. For the summary measure, we utilized a random 
effects model, assuming that the included studies rep-
resent a random sample of all possible results using Der 
Simonian-Laird estimator. All analyses were performed 
using Stata version 17 (Stata Corp LLC, College Station, 
TX, USA) and “metan” package from Stata ​(​​​h​t​t​p​s​:​/​/​w​w​w​
.​s​t​a​t​a​.​c​o​m​​​​​)​.​​

Result
Included studies and baseline characteristics
Based on the search study stated above, 13,855 studies 
from databases, 43 from websites, and 36 from citations 
were identified. A total of 502 studies from the database 
were discarded due to duplication. About 218 discarded 
studies were excluded via EndNote 20, and the remaining 

https://www.stata.com
https://www.stata.com
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5972 studies were excluded using the Rayyan automation 
tool. Title and abstract parts of the remaining 7665 stud-
ies were reviewed, of which 7245 studies were excluded 
due to irrelevance. Out of the 420 studies that were 
sought to be retrieved, 92 could not be retrieved, and 
328 were eligible for full-text screening. Finally, 14 stud-
ies from the new database, 5 studies from the website and 
citation, and 28 articles screened and reevaluated from 
previous studies (Fig. 1).

A total of 47 articles [21, 36–81] were included in this 
systematic review and meta-analysis of which 31 were 

used to determine the association between exposure 
to PM10, and asthma whereas 29 articles were used for 
association between PM2.5 and asthma (Table 2) whereas 
18 studies were used to determine association between 
exposure to PM10, PM2.5 and wheeze (Table  3) among 
children and adolescents. In this meta-analysis, a total 
417,874 of children as study subjects were included. In 
this meta-analysis, 6 studies were carried out in United 
states of America [36, 57, 62, 68, 73, 80], ten studies from 
China [44–47, 55, 58–60, 79, 81], five studies from Tai-
wan [42, 43, 54, 76, 78], four from France [37, 56, 71, 72], 

Fig. 1  PRISMA flow diagram of the included studies for the systematic review and meta-analysis of association of particulate matter exposure and asthma 
and wheeze, 2024

 



Page 6 of 25Keleb et al. BMC Public Health         (2025) 25:1225 

A
ut

ho
r

Ye
ar

Co
un

tr
y

St
ud

y 
D

es
ig

n
Sa

m
-

pl
e 

si
ze

Po
llu

ta
nt

 
ty

pe
Ex

po
su

re
 (µ

g/
m

3)
Ex

po
su

re
 

as
se

ss
m

en
t

A
ge

 
in

te
rv

al
s

A
ss

es
sm

en
t t

oo
l

PM
10

O
R(

95
%

CI
)

PM
2.

5 
O

R(
95

%
CI

)
st

at
us

D
oc

ke
ry

 e
t a

l.
19

96
U

SA
 &

 
Ca

na
da

cr
os

s s
ec

tio
na

l
13

,3
69

PM
2.

5,
PM

10
Pe

r u
ni

t i
nc

re
as

e
LU

R 
m

od
el

in
g

8–
12

 y
ea

rs
IS

AA
C

0.
77

0.
44

1.
35

0.
72

0.
4

1.
28

Lo
w

 ri
sk

Br
au

n-
Fa

hr
la

nd
er

 
et

 a
l.

19
97

Sw
itz

er
la

nd
cr

os
s s

ec
tio

na
l

4,
47

0
PM

10
Pe

r u
ni

t i
nc

re
as

e
M

on
ito

rin
g 

da
ta

6–
15

 y
ea

rs
IS

AA
C

0.
81

0.
43

1.
56

Lo
w

 ri
sk

Pe
te

rs
 e

t a
l.

19
99

U
SA

co
ho

rt
3,

67
6

PM
10

Pe
r I

Q
R 

in
cr

ea
se

M
on

ito
rin

g 
da

ta
sc

ho
ol

 a
ge

IS
AA

C
0.

93
0.

76
1.

13
Lo

w
 ri

sk
Br

au
er

 e
t a

l. 
a

20
02

N
et

he
rla

nd
co

ho
rt

2,
98

9
PM

2.
5

Pe
r I

Q
R 

in
cr

ea
se

LU
R 

m
od

el
in

g
0–

2 
ye

ar
s

IS
AA

C
1.

12
0.

74
2.

02
Lo

w
 ri

sk
G

eh
rin

g 
et

 a
l.

20
02

G
er

m
an

y
co

ho
rt

1,
75

6
PM

2.
5

Pe
r u

ni
t i

nc
re

as
e

LU
R 

m
od

el
in

g
0–

2 
ye

ar
s

IS
AA

C
0.

98
0.

8
1.

2
Lo

w
 ri

sk
Ju

st
 e

t a
l.

20
02

Fr
an

ce
co

ho
rt

82
PM

10
Pe

r u
ni

t i
nc

re
as

e
M

on
ito

rin
g 

da
ta

7–
15

 y
ea

rs
do

ct
or

 d
ia

gn
os

ed
1.

16
0.

63
2.

13
Lo

w
 ri

sk
Sh

im
a 

et
 a

l.
20

02
Ja

pa
n

co
ho

rt
3,

04
8

PM
10

Pe
r u

ni
t i

nc
re

as
e

M
on

ito
rin

g 
da

ta
6–

12
 y

ea
rs

IS
AA

C
2.

84
0.

84
9.

58
Lo

w
 ri

sk
Zh

an
g 

et
 a

l.
20

02
Ch

in
a

cr
os

s s
ec

tio
na

l
7,

62
1

PM
10

,P
M

2.
5

Pe
r u

ni
t i

nc
re

as
e

M
on

ito
rin

g 
da

ta
5–

17
 y

ea
rs

IS
AA

C
1.

33
0.

8
2.

19
1.

22
0.

74
2.

02
Lo

w
 ri

sk
Ki

m
 e

t a
l.

20
04

U
SA

cr
os

s s
ec

tio
na

l
1,

10
9

PM
2.

5,
PM

10
Pe

r u
ni

t i
nc

re
as

e
M

on
ito

rin
g 

da
ta

sc
ho

ol
 a

ge
IS

AA
C

1.
06

0.
97

1.
16

1.
04

0.
96

1.
12

Lo
w

 ri
sk

H
w

an
g 

et
 a

l.
20

05
Ta

iw
an

cr
os

s s
ec

tio
na

l
32

,6
72

PM
10

Pe
r u

ni
t i

nc
re

as
e

M
on

ito
rin

g 
da

ta
sc

ho
ol

 a
ge

IS
AA

C
0.

94
0.

90
0.

98
Lo

w
 ri

sk
Pe

na
rd

-M
or

an
d 

et
 a

l.
20

05
Fr

an
ce

cr
os

s s
ec

tio
na

l
6,

67
2

PM
10

Pe
r u

ni
t i

nc
re

as
e

M
on

ito
rin

g 
da

ta
9–

11
 y

ea
rs

IS
AA

C
0.

54
0.

27
1.

10
Lo

w
 ri

sk

An
ne

si-
M

ae
sa

no
 

et
 a

l.
20

07
Fr

an
ce

cr
os

s s
ec

tio
na

l
5,

33
8

PM
2.

5
Pe

r u
ni

t i
nc

re
as

e
M

on
ito

rin
g 

da
ta

sc
ho

ol
 a

ge
IS

AA
C

1.
09

0.
89

1.
33

Lo
w

 ri
sk

Br
au

er
 e

t a
l.

20
07

N
et

he
rla

nd
co

ho
rt

2,
82

6
PM

2.
5

Pe
r I

Q
R 

in
cr

ea
se

LU
R 

m
od

el
in

g
0–

4 
ye

ar
s

IS
AA

C
1.

32
1.

04
1.

69
Lo

w
 ri

sk
M

or
ge

ns
te

rn
 e

t a
l.

20
07

G
er

m
an

y
co

ho
rt

3,
57

7
PM

2.
5

Pe
r u

ni
t i

nc
re

as
e

LU
R 

m
od

el
in

g
0–

2 
ye

ar
s

IS
AA

C
1.

10
0.

96
1.

26
M

or
ge

ns
te

rn
 e

t a
l.

20
08

G
er

m
an

y
co

ho
rt

2,
43

6
PM

2.
5

Pe
r u

ni
t i

nc
re

as
e

LU
R 

m
od

el
in

g
4–

6 
ye

ar
s

IS
AA

C
1.

12
0.

96
1.

31
M

en
g 

et
 a

l.
20

10
U

SA
Cr

os
s s

ec
tio

na
l

15
02

PM
10

, 
PM

2.
5

Pe
r u

ni
t i

nc
re

as
e

M
on

ito
rin

g 
da

ta
1–

17
 Y

ea
rs

D
oc

to
r d

ia
gn

os
ed

1.
31

0.
89

1.
93

1.
48

0.
62

3.
52

Ak
in

ba
m

i e
t a

l.
20

10
U

SA
cr

os
s s

ec
tio

na
l

9,
89

1
PM

10
,P

M
2.

5
Pe

r u
ni

t i
nc

re
as

e
M

on
ito

rin
g 

da
ta

3–
17

 y
ea

rs
N

H
IS

0.
99

0.
9

1.
09

1.
03

0.
98

1.
08

Lo
w

 ri
sk

Ca
rls

te
n 

et
 a

l.
20

10
Ca

na
da

co
ho

rt
18

4
PM

2.
5

Pe
r I

Q
R 

in
cr

ea
se

LU
R 

m
od

el
in

g
0–

7 
ye

ar
s

D
oc

to
r d

ia
gn

os
ed

3.
10

1.
30

7.
40

Lo
w

 ri
sk

Cl
ar

k 
et

 a
l.

20
10

Ca
na

da
co

ho
rt

37
,4

01
PM

2.
5,

PM
10

Pe
r u

ni
t i

nc
re

as
e

M
on

ito
rin

g 
da

ta
0–

4 
ye

ar
s

D
oc

to
r d

ia
gn

os
ed

1.
07

1.
03

1.
12

1.
01

0.
99

1.
03

Lo
w

 ri
sk

G
eh

rin
g 

et
 a

l.
20

10
N

et
he

rla
nd

co
ho

rt
3,

14
3

PM
2.

5
Pe

r I
Q

R 
in

cr
ea

se
LU

R 
m

od
el

in
g

0–
8 

ye
ar

s
IS

AA
C

1.
26

1.
04

1.
52

Lo
w

 ri
sk

Pe
na

rd
-M

or
an

d 
et

 a
l.

20
10

Fr
an

ce
cr

os
s s

ec
tio

na
l

6,
68

3
PM

10
Pe

r u
ni

t i
nc

re
as

e
D

isp
er

sio
n 

m
od

el
9–

11
 y

ea
rs

IS
AA

C
1.

28
1.

06
1.

51
Lo

w
 ri

sk

Po
rt

no
v 

et
 a

l.
20

12
Isr

ae
l

cr
os

s s
ec

tio
na

l
3,

92
2

PM
10

Pe
r u

ni
t i

nc
re

as
e

M
on

ito
rin

g 
da

ta
6–

14
 y

ea
rs

H
SD

1.
11

1.
05

1.
17

Lo
w

 ri
sk

G
ru

zi
ev

a 
et

 a
l.

20
13

Sw
ed

en
co

ho
rt

3,
63

3
PM

10
Pe

r u
ni

t i
nc

re
as

e
D

isp
er

sio
n 

m
od

el
0–

12
 y

ea
rs

D
oc

to
r d

ia
gn

os
ed

3.
8

0.
9

16
.2

Lo
w

 ri
sk

Li
u 

et
 a

l.
20

13
Ch

in
a

cr
os

s s
ec

tio
na

l
6,

73
0

PM
10

Pe
r I

Q
R 

in
cr

ea
se

M
on

ito
rin

g 
da

ta
3–

7 
ye

ar
s

AT
S

1.
1

0.
85

1.
42

Lo
w

 ri
sk

N
ish

im
ur

a 
et

 a
l.

20
13

U
SA

ca
se

 c
on

tr
ol

4,
32

0
PM

10
,P

M
2.

5
Pe

r u
ni

t i
nc

re
as

e
M

on
ito

rin
g 

da
ta

8–
21

 y
ea

rs
D

oc
to

r d
ia

gn
os

ed
1.

13
0.

97
1.

31
1.

02
0.

93
1.

12
Lo

w
 ri

sk
Li

u 
et

 a
l.

20
14

Ch
in

a
cr

os
s s

ec
tio

na
l

23
,3

26
PM

10
Pe

r I
Q

R 
in

cr
ea

se
M

on
ito

rin
g 

da
ta

6–
13

 y
ea

rs
AT

S
1.

34
1.

24
1.

45
Lo

w
 ri

sk
M

ol
te

r e
t a

l.
20

14
En

gl
an

d
co

ho
rt

10
,3

77
PM

10
,P

M
2.

5
Pe

r u
ni

t i
nc

re
as

e
LU

R 
m

od
el

in
g

0–
10

 y
ea

rs
IS

AA
C 

qu
es

tio
nn

ai
re

0.
88

0.
63

1.
23

1.
23

0.
78

1.
94

Lo
w

 ri
sk

Su
sa

na
 e

t a
l.

20
14

Ita
ly

co
ho

rt
69

3
PM

10
Pe

r u
ni

t i
nc

re
as

e
M

on
ito

rin
g 

da
ta

2–
18

 y
ea

rs
D

oc
to

r d
ia

gn
os

ed
1.

79
1.

13
2.

84
Lo

w
 ri

sk
G

eh
rin

g 
et

 a
lb

20
15

Sw
ed

en
G

er
m

an
y

N
et

he
rla

nd

co
ho

rt
3,

70
2

PM
10

,P
M

2.
5

Pe
r I

Q
R 

in
cr

ea
se

LU
R 

m
od

el
in

g
0–

14
 y

ea
rs

IS
AA

C 
qu

es
tio

nn
ai

re
1.

06
0.

97
1.

15
1.

12
1.

02
1.

24
Lo

w
 ri

sk

G
eh

rin
g 

et
 a

la
20

15
N

et
he

rla
nd

co
ho

rt
14

,1
26

PM
10

,P
M

2.
5

Pe
r u

ni
t i

nc
re

as
e

LU
R 

m
od

el
in

g
0–

16
 y

ea
rs

IS
AA

C 
qu

es
tio

nn
ai

re
1.

25
0.

94
1.

66
1.

03
0.

95
1.

11
Lo

w
 ri

sk

Ta
bl

e 
2 

Ch
ar

ac
te

ris
tic

s o
f a

ll 
in

cl
ud

ed
 st

ud
y 

fo
r t

he
 a

ss
oc

ia
tio

n 
be

tw
ee

n 
PM

10
, P

M
2.

5 
an

d 
as

th
m

a,
 2

02
4



Page 7 of 25Keleb et al. BMC Public Health         (2025) 25:1225 

A
ut

ho
r

Ye
ar

Co
un

tr
y

St
ud

y 
D

es
ig

n
Sa

m
-

pl
e 

si
ze

Po
llu

ta
nt

 
ty

pe
Ex

po
su

re
 (µ

g/
m

3)
Ex

po
su

re
 

as
se

ss
m

en
t

A
ge

 
in

te
rv

al
s

A
ss

es
sm

en
t t

oo
l

PM
10

O
R(

95
%

CI
)

PM
2.

5 
O

R(
95

%
CI

)
st

at
us

W
an

g 
et

 a
l.

20
15

Ta
iw

an
co

ho
rt

2,
66

1
PM

10
,P

M
2.

5
Pe

r u
ni

t i
nc

re
as

e
M

on
ito

rin
g 

da
ta

Bi
rt

h-
KG

do
ct

or
 d

ia
gn

os
ed

1.
39

1.
03

1.
87

1.
45

1.
07

1.
97

Lo
w

 ri
sk

D
en

g 
et

 a
l.

20
16

Ch
in

a
cr

os
s s

ec
tio

na
l

2,
59

8
PM

10
Pe

r u
ni

t i
nc

re
as

e
M

on
ito

rin
g 

da
ta

3–
6 

ye
ar

s
IS

AA
C 

qu
es

tio
nn

ai
re

1.
1

0.
95

1.
27

Lo
w

 ri
sk

Ki
m

 e
t a

l.
20

16
Ko

re
a

cr
os

s s
ec

tio
na

l
1,

82
8

PM
10

Pe
r u

ni
t i

nc
re

as
e

M
on

ito
rin

g 
da

ta
6–

7 
ye

ar
s

IS
AA

C 
qu

es
tio

nn
ai

re
1

0.
71

1.
42

Lo
w

 ri
sk

Li
u 

et
 a

l.
20

16
Ch

in
a

cr
os

s s
ec

tio
na

l
3,

35
8

PM
10

Pe
r u

ni
t i

nc
re

as
e

M
on

ito
rin

g 
da

ta
4–

6 
ye

ar
s

IS
AA

C 
qu

es
tio

nn
ai

re
1.

38
1.

02
1.

87
Lo

w
 ri

sk
Ch

en
 F

 e
t a

l.
20

17
Ch

in
a

cr
os

s s
ec

tio
na

l
30

,7
59

PM
2.

5
Pe

r u
ni

t i
nc

re
as

e
M

on
ito

rin
g 

da
ta

Sc
ho

ol
IS

AA
C 

qu
es

tio
nn

ai
re

1.
10

1.
03

1.
18

Lo
w

 ri
sk

Ch
en

 B
Y 

et
 a

la
20

19
Ch

in
a

cr
os

s s
ec

tio
na

l
63

46
PM

10
,P

M
2.

5
Pe

r u
ni

t i
nc

re
as

e
M

on
ito

rin
g 

da
ta

pr
es

ch
oo

l 
ch

ild
re

n
IS

AA
C 

qu
es

tio
nn

ai
re

1.
48

0.
93

2.
36

1.
90

1.
41

2.
57

Lo
w

 ri
sk

Ch
en

 B
Y 

et
 a

lb
20

19
Ch

in
a

cr
os

s s
ec

tio
na

l
11

,5
85

PM
10

,P
M

2.
5

Pe
r u

ni
t i

nc
re

as
e

M
on

ito
rin

g 
da

ta
pr

es
ch

oo
l 

ch
ild

re
n

D
oc

to
r d

ia
gn

os
ed

1.
37

0.
92

2.
04

1.
24

1.
04

1.
48

Lo
w

 ri
sk

O
la

ni
ya

n 
et

 a
l.

20
20

So
ut

h 
Af

ric
a

co
ho

rt
59

0
PM

2.
5

Pe
r I

Q
R 

in
cr

ea
se

M
on

ito
rin

g 
da

ta
sc

ho
ol

 a
ge

D
oc

to
r d

ia
gn

os
ed

0.
86

0.
32

2.
3

Lo
w

 ri
sk

O
rt

eg
a-

G
ar

ci
a 

et
 a

l.
20

20
Sp

ai
n

cr
os

s s
ec

tio
na

l
12

,3
54

PM
10

Pe
r u

ni
t i

nc
re

as
e

M
on

ito
rin

g 
da

ta
le

ss
 th

an
 

19
 y

ea
rs

D
oc

to
r d

ia
gn

os
ed

1.
02

1.
01

1.
04

Lo
w

 ri
sk

W
en

 Z
en

g 
et

 a
l.

20
21

Ch
in

a
cr

os
s s

ec
tio

na
l

59
,7

54
PM

10
,P

M
2.

5
Pe

r u
ni

t i
nc

re
as

e
LU

R 
m

od
el

in
g

2–
18

 y
ea

rs
AT

S
1.

29
1.

2
1.

38
1.

49
1.

34
1.

67
Lo

w
 ri

sk
W

u 
et

 a
l.

20
22

Ch
in

a
cr

os
s s

ec
tio

na
l

29
,4

18
PM

10
,P

M
2.

5
Pe

r u
ni

t i
nc

re
as

e
M

on
ito

rin
g 

da
ta

4–
6 

ye
ar

s
IS

AA
C 

qu
es

tio
nn

ai
re

1.
11

1.
02

1.
2

1.
14

1.
03

1.
26

Lo
w

 ri
sk

Ch
en

 J 
et

 a
l.

20
23

Ch
in

a
co

ho
rt

4,
86

4
PM

2.
5

Pe
r u

ni
t i

nc
re

as
e

LU
R

6–
16

 y
ea

rs
IS

AA
C 

qu
es

tio
nn

ai
re

1.
07

0.
93

1.
23

Lo
w

 ri
sk

G
iie

n 
Ts

ai
 e

t a
l.

20
24

Ch
in

a
co

ho
rt

4,
73

6
PM

2.
5

Pe
r u

ni
t i

nc
re

as
e

LU
R 

m
od

el
in

g
6–

18
 y

ea
rs

D
oc

to
r d

ia
gn

os
ed

1.
60

1.
31

1.
96

Lo
w

 ri
sk

Ch
en

 T
 e

t a
l.

20
24

Ch
in

a
cr

os
s s

ec
tio

na
l

11
,8

25
PM

10
,P

M
2.

5
Pe

r I
Q

R 
in

cr
ea

se
M

on
ito

rin
g 

da
ta

Pr
es

ch
oo

l
D

oc
to

r d
ia

gn
os

ed
1.

53
1.

27
1.

85
1.

39
1.

24
1.

56
Lo

w
 ri

sk
Za

no
be

ti 
et

 a
l.

20
24

U
SA

co
ho

rt
5,

27
9

PM
2.

5
Pe

r u
ni

t i
nc

re
as

e
M

on
ito

rin
g 

da
ta

1–
12

 y
ea

rs
D

oc
to

r d
ia

gn
os

ed
1.

30
1.

03
1.

65
Lo

w
 ri

sk

Ta
bl

e 
2 

(c
on

tin
ue

d)

 



Page 8 of 25Keleb et al. BMC Public Health         (2025) 25:1225 

Ta
bl

e 
3 

Ch
ar

ac
te

ris
tic

s o
f a

ll 
in

cl
ud

ed
 st

ud
y 

fo
r t

he
 a

ss
oc

ia
tio

n 
be

tw
ee

n 
PM

10
, P

M
2.

5 
an

d 
w

he
ez

e,
20

24
A

ut
ho

r
Ye

ar
Co

un
tr

y
St

ud
y 

D
es

ig
n

Sa
m

-
pl

e 
si

ze

Ex
po

su
re

Ex
po

su
re

 m
ea

n 
co

nc
en

tr
at

io
n

Ex
po

su
re

 
as

se
ss

m
en

t 
m

et
ho

d

A
ge

 o
f a

s-
se

ss
m

en
t 

(y
ea

rs
)

O
ut

co
m

e 
as

se
ss

m
en

t
O

R,
 P

M
10

, 
95

%
 C

I
O

R,
 

PM
2.

5,
95

%
CI

:
Q

ua
lit

y 
st

at
us

Br
au

er
 e

t a
l.

20
07

N
et

he
rla

nd
s

Co
ho

rt
4,

00
0

PM
2.

5
>

 1
0 

µg
/m

3
M

on
ito

rin
g 

da
ta

0–
4 

ye
ar

s
IS

AA
C 

qu
es

tio
nn

ai
re

1.
22

1.
06

1.
41

Lo
w

 ri
sk

Br
au

n-
Fa

hr
la

nd
er

19
97

Sw
itz

er
la

nd
cr

os
s 

se
ct

io
na

l
44

70
PM

10
>

 1
0 

µg
/m

3
M

on
ito

rin
g 

da
ta

6–
15

 y
ea

rs
IS

AA
C 

qu
es

tio
nn

ai
re

0.
92

0.
47

1.
78

Lo
w

 ri
sk

D
oc

ke
ry

 e
t a

l.
19

96
U

SA
 &

 C
an

ad
a

cr
os

s 
se

ct
io

na
l

13
,3

69
PM

2.
5,

PM
10

>
 1

0 
µg

/m
3

M
on

ito
rin

g 
da

ta
8–

12
 y

ea
rs

IS
AA

C 
qu

es
tio

nn
ai

re
0.

79
0.

57
1.

08
0.

82
0.

58
1.

15
Lo

w
 ri

sk

G
eh

rin
g 

et
 a

l.
20

02
G

er
m

an
y

Co
ho

rt
17

56
PM

2.
5.

≤
 1

0 
µg

/m
3

LU
R 

m
od

el
in

g
0–

2 
ye

ar
s

IS
AA

C 
qu

es
tio

nn
ai

re
0.

91
0.

76
1.

09
Lo

w
 ri

sk
G

eh
rin

g 
et

 a
l.

20
10

N
et

he
rla

nd
s

Co
ho

rt
38

63
PM

2.
5

≤
 1

0 
µg

/m
3

LU
R 

m
od

el
in

g
0–

8 
ye

ar
s

IS
AA

C 
qu

es
tio

nn
ai

re
1.

2
1.

08
1.

33
Lo

w
 ri

sk
G

iie
n 

Ts
ai

 e
t a

l.
20

24
Ta

iw
an

Co
ho

rt
4,

73
6

PM
2.

5
≤

 1
0 

µg
/m

3
LU

R 
m

od
el

in
g

6–
18

 y
ea

rs
D

oc
to

r d
ia

gn
os

ed
1.

73
1.

4
2.

1
Lo

w
 ri

sk
Li

na
re

s e
t a

l.
20

10
M

ex
ic

o
Co

ho
rt

46
4

PM
10

≤
 1

0 
µg

/m
3

M
on

ito
rin

g 
da

ta
6–

14
 y

ea
rs

AT
S 

qu
es

tio
n-

na
ire

 +
 sp

iro
m

et
ry

1.
05

1.
03

1.
06

Lo
w

 ri
sk

Li
u 

et
 a

l. 
a

20
13

Ch
in

a
cr

os
s 

se
ct

io
na

l
67

30
PM

10
>

 1
0 

µg
/m

3
M

on
ito

rin
g 

da
ta

3–
7 

ye
ar

s
AT

S
1.

35
1.

15
1.

57
Lo

w
 ri

sk

Li
u 

et
 a

l. 
b

20
14

Ch
in

a
cr

os
s 

se
ct

io
na

l
23

,3
26

PM
10

>
 1

0 
µg

/m
3

M
on

ito
rin

g 
da

ta
6–

13
 y

ea
rs

AT
S

1.
16

1.
07

1.
27

Lo
w

 ri
sk

M
or

ge
ns

te
rn

 e
t a

l.
20

07
G

er
m

an
y

Co
ho

rt
3,

57
7

PM
2.

5
>

 1
0 

µg
/m

3
M

on
ito

rin
g 

da
ta

0–
2 

ye
ar

s
IS

AA
C 

qu
es

tio
nn

ai
re

1.
1

0.
94

1.
28

Lo
w

 ri
sk

N
ai

do
o 

et
 a

l.
20

13
So

ut
h 

Af
ric

a
Co

ho
rt

79
2

PM
10

≤
 1

0 
µg

/m
3

M
on

ito
rin

g 
da

ta
2–

14
 y

ea
rs

D
oc

to
r d

ia
gn

os
ed

1.
27

0.
75

2.
15

Lo
w

 ri
sk

O
la

ni
ya

n 
et

 a
l.

20
20

So
ut

h 
Af

ric
a

Co
ho

rt
59

0
PM

2.
5

>
 1

0 
µg

/m
3

M
on

ito
rin

g 
da

ta
sc

ho
ol

 a
ge

D
oc

to
r d

ia
gn

os
ed

1.
08

0.
71

1.
66

Lo
w

 ri
sk

Pe
na

rd
-M

or
an

d 
et

 a
l.

20
05

Fr
an

ce
cr

os
s 

se
ct

io
na

l
66

72
PM

10
>

 1
0 

µg
/m

3
M

on
ito

rin
g 

da
ta

9–
11

 y
ea

rs
IS

AA
C 

qu
es

tio
nn

ai
re

1.
05

0.
72

1.
54

Lo
w

 ri
sk

Pe
te

rs
 e

t a
l.

19
99

U
SA

Co
ho

rt
3,

67
6

PM
10

>
 1

0 
µg

/m
3

M
on

ito
rin

g 
da

ta
sc

ho
ol

 a
ge

IS
AA

C 
qu

es
tio

nn
ai

re
1.

05
0.

89
1.

25
Lo

w
 ri

sk
Ve

lic
ka

 e
t a

l.
20

15
Cz

ec
h 

Re
pu

bl
ic

Co
ho

rt
14

7
PM

10
≤

 1
0 

µg
/m

3
M

on
ito

rin
g 

da
ta

6–
18

 y
ea

rs
D

oc
to

r d
ia

gn
os

ed
1.

07
1.

04
1.

11
Lo

w
 ri

sk
W

en
 Z

en
g 

et
 a

l.
20

21
Ch

in
a

cr
os

s 
se

ct
io

na
l

59
,7

54
PM

10
,P

M
2.

5
≤

 1
0 

µg
/m

3
LU

R 
m

od
el

in
g

2–
18

 y
ea

rs
AT

S
1.

14
1.

07
1.

21
1.

24
1.

12
1.

37
Lo

w
 ri

sk

W
u 

et
 a

l.
20

22
Ch

in
a

cr
os

s 
se

ct
io

na
l

29
,4

18
PM

2.
5

>
 1

0 
µg

/m
3

M
on

ito
rin

g 
da

ta
4–

6 
ye

ar
s

IS
AA

C 
qu

es
tio

nn
ai

re
1.

03
0.

98
1.

09
1.

08
1.

01
1.

16
Lo

w
 ri

sk

Zh
an

g 
et

 a
l.

20
02

Ch
in

a
cr

os
s 

se
ct

io
na

l
7,

62
1

PM
10

,P
M

2.
5

>
 1

0 
µg

/m
3

M
on

ito
rin

g 
da

ta
sc

ho
ol

 a
ge

IS
AA

C 
qu

es
tio

nn
ai

re
1.

12
0.

58
2.

15
1.

05
0.

58
1.

92
Lo

w
 ri

sk



Page 9 of 25Keleb et al. BMC Public Health         (2025) 25:1225 

four from Netherland [21, 39, 50, 52], three from Ger-
many [49, 64, 65], two from Canada [41, 67], two from 
South Africa [66, 69], one each from Italy [75], Sweden 
[53], Czech Republic [77], England [82], Japan [61], Israel 
[74], Switzerland [40], Spain [70] and Mexico [38] where 
two combined from USA and Canada [48] as well as Swe-
den, Netherland and Germany [51].

PM10 exposure and childhood asthma
A meta-analysis based on 31 studies was conducted 
using a random effects model to investigate the asso-
ciation between  childhood asthma and PM10 exposure. 
The pooled odds ratio (OR) of  1.04 (95% CI: 1.03–1.06, 
p < 0.001) showed a statistically significant associa-
tion between PM10 exposure and the risk of childhood 
asthma. However, considerable  heterogeneity was 
detected (I² = 82.7%, p < 0.001) indicating variability 
between odd ratio across included studies (Fig. 2).

Subgroup analysis  showed different heterogeneity 
in different WHO regions (p = 0.037). Non-significant 
low heterogeneity was detected in the Americas (1.05, 
95%  CI: 1.01–1.10, I² = 13.0%, p = 0.331) and significant 
moderate heterogeneity in the European region (1.09, 
95% CI: 0.99–1.21, I² = 59.6%, p = 0.008). The Western 
Pacific showed  strong association and extreme heteroge-
neity (1.27, 95% CI: 1.12–1.45, I² = 90.0%, p < 0.05) high-
lighting extreme variability across regions (Fig. 3).

The forest plot for subgroup analysis by study design 
indicated that the pooled OR of cross-sectional stud-
ies was 1.14 (95% CI: 1.07–1.22), showed a significant 
association. However, there is high variability among 
the included studies (I² = 87.5%, p < 0.001). Cohort stud-
ies found an effect size of 1.10 (95% CI: 1.00-1.21) with 
low variability (I² = 48.9%, p = 0.04) that indicating a per-
sistent but significantly weaker association. The overall 
effect size from all research types is 1.13 (95% CI: 1.08–
1.19), demonstrating that PM10 exposure is associated 
with childhood asthma. However, the analysis revealed 
no significant heterogeneity (p = 0.828) in effect estimates 
across different study designs, suggesting consistent con-
clusions (Fig. 4).

The meta-regression analysis also demonstrated a 
significant upward trend in the coefficients for asthma 
related to PM10 exposure over time, indicating that the 
impact of PM10 on asthma has increased across the stud-
ied years (Fig. 5).

The association between PM2.5 exposure and childhood 
asthma
A meta-analysis using data from 29 primary observa-
tional studies showed a combined odd ratio of 1.05 (95% 
CI 1.04–1.07, p < 0.001). This suggests that exposure 
to PM2.5 increases the likelihood of acquiring asthma 
in childhood. The analysis revealed high heterogeneity 

among the included studies (I2 = 80.6%, p < 0.001), which 
implies that effect estimates vary among studies, as 
shown in Fig. 6.

Subgroup analysis by regions showed significant 
variability in effect sizes between geographic regions 
(p = 0.001). Significant association was observed only 
in the Western Pacific OR = 1.31, (95% CI: 1.18–1.46, I² 
= 48.6%, p = 0.059), while homogeneity was observed in 
European region (OR = 1.09, 95% CI: 1.04–1.14) and in 
America (1.03, 95% CI: 0.99–1.08, I² = 0.0%, p = 0.482) 
(Fig. 7).

Subgroup analysis was conducted based on exposure 
assessment methods, revealing no significant variability 
in effect sizes across different methods. This indicates 
that the choice of exposure assessment method does not 
significantly influence the overall findings (p = 0.189). 
Specifically, studies utilizing monitoring data reported a 
cumulative effect size of 1.12 (95% CI: 1.05–1.19), with 
high heterogeneity observed among the included studies 
(I² = 79.7%, p < 0.001). Similarly, studies employing land 
use regression modeling demonstrated a cumulative odds 
ratio of 1.20 (95% CI: 1.10–1.31), also with significant 
heterogeneity (I² = 73.3%, p < 0.001) (Fig. 8).

The forest plot groups studies according to PM2.5 
exposure levels, distinguishing between those per unit 
increases and per IQR increases in µg/m³. Both per unit 
and per IQR increases in PM exposure show significant 
health risks, with high overall heterogeneity. The lack of 
significant between-group variability (p = 0.222) suggests 
that the choice of exposure measurement method does 
not significantly impact the findings (Fig. 9).

Subgroup analysis based on outcome assessment 
indicated that absence of significant variation between 
asthma cases reported by parents and identified by cli-
nician (P = 0.290). Studies based on parent reports of 
asthma exhibited a cumulative effect size of 1.14 (95% 
CI: 1.08–1.21) with a significant variability (I² = 71.9%, 
p < 0.001), indicating high heterogeneity among the 
included studies.

On the other hand, studies employing physician diag-
noses for asthma had a slightly larger pooled effect size 
of 1.23 (95% CI: 1.08–1.41) but extreme variability (I² = 
85.9%, p < 0.001). Overall, the analysis across both catego-
ries produced an effect size of 1.16 (95% CI: 1.10–1.22) 
with significant high variability (I² = 80.6%, p < 0.000). 
These findings indicate a significant association between 
PM2.5 exposure and childhood asthma, observed in both 
parent-reported and physician-diagnosed cases (Fig. 10).

Additionally, meta-regression analysis revealed a sta-
tistically significant increase in the coefficient of asthma 
related to PM2.5 over time (β = 0.012, 95% CI: 0.004–
0.019, p = 0.006), with the year of study explaining a 
substantial portion of the between-study variance. How-
ever, sample size did not contribute to the heterogeneity 
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among the included studies. These results suggest that 
the impact of PM2.5 on asthma has been progres-
sively increasing over the years examined in the studies 
(Fig. 11).

Particulate matter exposure and wheezing
The first plot indicates the correlation between PM10 
exposure and wheeze. The overall pooled odd ratio indi-
cates a significant association between PM10 and wheeze 

with an odds ratio of 1.06 (95% CI: 1.05, 1.07) with mod-
erate heterogeneity between studies (I²=57.5%, p < 0.007). 
This result indicates exposure to PM10 increases the like-
lihood of wheezing (Fig. 12).

The second plot examines the relationship between 
PM2.5 exposure and wheeze. It also showed a signifi-
cant association with a pooled odds ratio of 1.15. (95% 
CI: 1.10, 1.20). This implies that PM2.5 exposure has a 
stronger association with wheeze than PM10 exposure. 

Fig. 2  Forest plot of odd ratios for the association of particulate matter (PM10) exposure and asthma, 2024
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Fig. 3  Subgroup analysis of association between PM10 exposure and asthma using WHO regions, 2024
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The heterogeneity for PM2.5 exposures is higher than for 
PM10 exposure, with an I² of 72.8%, indicating significant 
variation among the included studies. Overall meta-add 
ratio results indicate that PM2.5 exposures are associated 
to an elevated risk of wheezing compared with PM10 
exposure (Fig. 12).

Publication bias assessment
The included studies were evaluated for publication bias. 
It arises when research with significant outcomes is more 
likely to be published than research without significant 
results. To reduce publication bias, a comprehensive lit-
erature search using several databases was conducted 

Fig. 4  Subgroup analysis of association between PM10 exposure and asthma using study design, 2024
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from different databases. An egger’s test and funnel plot 
were employed to evaluate publication bias. Egger’s test 
was found to be non-significant for small study effects 
(p > 0.05), although the funnel plot revealed an asym-
metrical distribution of studies. Egger’s test results and 
funnel plot asymmetry may be due to sample size, het-
erogeneity, or method sensitivity differences, rather than 
true bias (Fig. 13).

Discussion
Air pollution, which is influenced by the unique nature 
and characteristics of particulate matter, has become a 
serious global public health issue. Children and adoles-
cents who are exposed to particle matters, particularly 
PM10 and PM2.5, cause significantly respiratory dis-
eases and symptoms, including asthma and wheezing. 
As a result, we performed a comprehensive systematic 
review and meta -analysis, and analyzed 47 studies pub-
lished between 1996 and June 17, 2024. The purpose of 
the study was to evaluate the relationship between PM 

exposure (PM2.5 and PM10) and asthma/wheeze devel-
opment among children and adolescents.

We generated statistically significant random-effect 
estimates for PM2.5 and PM10 exposures using both 
general and group-specific meta-analyses. The sensitiv-
ity analyses confirmed the robustness of our conclusions. 
Despite the strength of the overall findings, substantial 
variability was detected, notably for PM2.5. The high-
est heterogeneity was noted in the association between 
PM10 exposure and asthma development. This study 
finding showed a significant association between PM10 
and asthma, PM2.5 and asthma, PM10 and wheeze as 
well as PM2.5 and wheeze among children and adoles-
cents. Our study finding supports the previous findings 
[5, 31, 83–85] in which indicated a significant association 
between PM exposure (PM2.5 and PM10) and asthma 
development among children and adolescents.

Both the present study and earlier systematic review 
and meta-analysis emphasized the significance of asso-
ciations between PM exposure and respiratory diseases 
and symptoms to highlight the impact of air quality on 

Fig. 5  Meta regression analysis of association between PM10 exposure and asthma using sample size and study year, 2024
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respiratory health [83]. However, another systematic 
review and meta-analysis conducted on the association 
between air pollution exposure and childhood asthma 
reported no significant association, although a significant 
association between PM and wheeze was reported [63, 
86].

This disparity on association between PM10 and/or 
PM2.5 exposure and childhood asthma across system-
atic reviews and meta-analyses undertaken at different 
times can be attributable to several variables. One of 

the primary cause might be the collection of new evi-
dence along time. As more studies become published and 
included in meta-analysis, the statistical power to detect 
a significant association increases particularly those 
using advanced exposure assessment techniques, the evi-
dence base become more robust, resulting in more con-
clusive findings [87, 88].

Improvements in study methodology may also help 
to explain the discrepancy. Earlier studies might have 
used less precise methods for measuring PM exposure 

Fig. 6  Forest plot of odd ratios for the association between PM2.5 exposure and asthma, 2024
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Fig. 7  Subgroup analysis of association between PM2.5 exposure and asthma using WHO regions, 2024
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or smaller sample sizes, making it difficult to identify a 
significant association [89]. Later studies frequently uti-
lize more sophisticated tools, like personal monitoring 
devices, to quantify exposure more accurately, resulting 
in stronger and more reliable findings [90].

Changes in environmental conditions over time are 
also important factor for this discrepancy [91]. In recent 
years, stricter environmental regulations and better tech-
nologies may have decreased exposure to PM [92]. This 
reduction may enable researchers to better uncover the 

Fig. 8  Subgroup analysis of PM2.5 and asthma using exposure assessment methods, 2024
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Fig. 9  Subgroup analysis of PM2.5 and asthma using exposure mean concentration, 2024
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Fig. 10  Sub group analysis of association between PM2.5 exposure and asthma using types of outcome assessment, 2024
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association between even lower amounts of PM and 
asthma, as the consequences of chronic, low-level expo-
sure become obvious over time. Furthermore, this dis-
crepancy could also be influenced by changes in public 
health practices, such as improved asthma management, 
higher indoor air quality standards, and increased public 
awareness [93].

As asthma symptoms improve and other environmen-
tal factors improve, epidemiological studies will be able 
to identify the particular function of particulate matter in 
initiating asthma. The study’s findings on PM exposure’s 
association with childhood asthma and wheeze are highly 
heterogeneous, possibly due to regional differences, pop-
ulation characteristics, study year, demographics, envi-
ronmental conditions, and confounding variables [94].

The current study found higher diversity by study 
design across the included studies. The investigation of 
the association between PM exposure and childhood 

asthma yields more strong relationship from cross-
sectional than cohort studies. This difference could be 
attributed to the fact that cross-sectional studies examine 
data at a particular point in time, allowing for the detec-
tion of immediate association but restricting causal infer-
ences [95]. This design may overstate the strength of the 
relationship, particularly because it frequently measures 
short-term exposures, capturing peak exposure levels 
that amplify the reported association. Finally, cross-sec-
tional studies may include populations more susceptible 
to PM exposure, further strengthening the observed 
associations.

On the other hand, cohort studies track people over 
time, offering a more accurate picture of cause-and-
effect association. However, the averaging of long-term 
exposure data can result in weaker associations [96]. 
Furthermore, cohort studies often account for confound-
ing factors more successfully and demonstrate exposure 

Fig. 11  Meta regression analysis of association between PM10 exposure and asthma using sample size and study year, 2024
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before to asthma development, reducing difficulties of 
reverse causation [97].

The study revealed a  strong significant associa-
tion between the development of childhood asthma 
and PM2.5 exposures at per inter quartile range (IQR) 
increase compared to per unit increase with lower het-
erogeneity. This variance may be because of exposure at 
IQR increase representing a wide range of exposure cov-
ering 50% of data that better reflects the exposure than 
per-unit increase. It can identify all substantial changes 
at high  level of exposure, leading to a strong association 
with the outcome.

Another key reason might be the non-linear exposure-
response relationship, where the IQR increase might 
better reflect the overall effect of PM2.5 exposure as it 
encompasses a wider span of exposure level [98–100]. In 
this case IQR can reflect better general effects, as it con-
tains a wide ranges of exposure values. Per unit increase 
can only capture small, step by step changes that do not 
fully represent widespread trends in contrast to IQR 
increase exposure [101].

For individuals potentially exposed to unit levels of 
pollution, their vulnerability might be lower [102], on 
the other hand, individuals with wider pollution range 
may readily acquire the  health outcome because of the 
increased effect of pollution [103, 104]. Another reason 

could be exposure misclassification in studies with a 
broad range of exposure, where range pollution data 
might not reflect individual exposure which leads to 
dilute the observed association [105]. Moreover, per-unit 
exposure assessments might be more sensitive to mea-
surement errors in individual studies [106].

Finally, there may be a  threshold effect at which the 
association between PM2.5 and asthma  development 
becomes weaker beyond a certain concentration, indicat-
ing a saturation point in the exposure-response relation-
ship [104]. Such factors together explain why stronger 
associations with asthma are observed using exposure 
at the IQR increase rather  than the exposure at per unit 
increase. The reason for higher heterogeneity in studies 
with PM2.5 exposures at per unit increase and asthma 
may be due to differences in study design, population 
characteristics, exposure assessments and outcome mea-
surements [107].

Studies relying on association between PM2.5 and par-
ent-reported asthma exhibited a cumulative effect size 
of 1.15 with significant high heterogeneity. In contrast, 
studies that employed PM2.5 exposure and physician 
diagnosed asthma showed a slightly higher pooled effect 
size of 1.25 but with significant extreme heterogeneity. 
This differences may be because of the subjective nature 
of parent-reported outcomes, wherein flaws like as recall 

Fig. 12  Forest plot of subgroup odd ratios for the association between PM10 and PM2.5 exposure and wheeze, 2024
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bias, misinterpretation of signs and symptoms, or mis-
classification of different respiratory diseases as asthma 
or wheeze might add inconsistencies among studies leads 
high variability in effect estimates among studies [108].

Although clinician-diagnosed asthma is likely more 
reliable and based on defined diagnostic criteria, the het-
erogeneity could come from changes in diagnostic tech-
niques, types of healthcare setup, clinician/physician 
variation in diagnosis, and population characteristics 
across different areas [109]. Furthermore, variations in 
the measurement or assessment of PM exposure among 
studies may contribute to the observed variability in both 
groups [110]. Overall, the differences between parent-
reported and physician-diagnosed asthma indicates the 
need of using standardized, objective outcome measures 
to reduce bias and improve the consistency of findings in 
epidemiological studies of PM and asthma.

Generally, a detailed evaluation of this review revealed 
a relatively strong association between PM2.5 expo-
sures and development of asthma and wheezing in chil-
dren, as opposed to PM10 exposure. This discrepancy 
may be attributable to the fact that PM2.5 particles are 

significantly smaller than PM10 particles, allowing them 
to penetrate deeper into the lungs, reaching the bronchi-
oles and alveoli where they might induce inflammation, 
whereas PM10 particles remain trapped in the upper 
respiratory tract. PM2.5 comprise more harmful compo-
nents including combustion particles, heavy metals, and 
organic compounds which can cause oxidative stress and 
inflammation in lung tissues that will increase the devel-
opment of asthma [101, 111–113].

In contrast, PM10 is composed of larger, less hazard-
ous particles like dust and pollen. Furthermore, PM2.5 
can stay in the air for longer periods of time, the duration 
of exposure rises, increasing the likelihood of inhalation 
[114]. Children’s respiratory systems are still developing, 
and they breathe more air than their body weight, mak-
ing them especially exposed to the effects of PM2.5 [101]. 
These features, including PM2.5’s deeper lung penetra-
tion, greater toxicity, and more prominent inflammatory 
responses, explain why it has a stronger association with 
the onset of asthma and wheezing in children than PM10.

Fig. 13  Funnel plot of log odd ratios for the association between PM2.5 and PM10 exposure versus asthma and wheeze, 2024
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Conclusion
This review found a significant association between 
exposure to PM and asthma and wheezing in children. 
Both PM10 and PM2.5 are associated with increased 
odds of asthma and wheezing, with PM2.5 showing a 
stronger relationship. The significant levels of heteroge-
neity observed suggest variations across studies due to 
differences in study designs, exposure level and outcome 
measurement type. Further research is required to inves-
tigate the remaining elements that contribute to variabil-
ity in these associations. These findings indicate the need 
for strategies to reduce particle air pollution to mitigate 
its adverse effects on children’s respiratory health.

Strength and limitation of the study
The major limitation of this review is the inconsistent 
classification of exposure duration and age intervals 
among study participants across included studies, which 
did not allow for meaningful subgroup analysis or meta-
regression based  on exposure duration and age. Stan-
dardization of age  stratification and exposure time for 
the assessment of developmental-stage-specific suscepti-
bility should be a priority in future studies. This study is 
focused on PM10  and PM2.5 exposures and does not dif-
ferentiate between interactions with other pollution such 
as NO₂, O3 or SO₂, restricting  from interaction or syn-
ergistic effects. Multi-pollutant models are needed for a 
comprehensive understanding of interactions effects. The 
exclusion of studies with low quality, as assessed through 
JBI criteria, may additionally introduce systematic bias. 
Additionally, non-English studies were excluded, prob-
ably affecting this review comprehensiveness.

The majority of the studies used questionnaires and 
self-reported exposure, which introduced recall bias and 
increased the likelihood of misclassification. To account 
possible causes of heterogeneity, subgroup analyses was 
conducted based on regions, research design, exposure 
assessment methods, exposure level, outcome assess-
ment methods and meta regression using sample size 
and study years. Furthermore, this systematic review and 
meta-analysis followed the most recent PRISMA guide-
lines, ensuring the review process was transparent and 
rigorous.

All relevant cases of respiratory outcomes (asthma and 
wheeze) caused by exposure to PM10 and PM2.5 were 
carefully evaluated. The inclusion of a diverse set of stud-
ies enriched the analysis by presenting a comprehensive 
picture of the respiratory health effects of PM expo-
sure. This combination of subgroup analysis and robust 
methodology provides valuable insights for future study 
and reinforces the importance of the findings for public 
health interventions.

Study implications for intervention
This finding has great implications for educating par-
ents and caregivers about reducing children’s expo-
sure to PM2.5 and PM10 and for community health 
programs by increasing air quality monitoring around 
residential areas, schools, and strengthening policies to 
reduce industrial and vehicular emissions. Furthermore, 
healthcare providers should integrate air quality data 
into clinical assessments to identify children at higher 
risk of asthma exacerbations due to particulate matter 
(PM) exposure. Screening tools can include questions 
about proximity to pollution sources, such as busy roads 
or industrial areas. Clinicians and public health experts 
should educate families on minimizing outdoor activi-
ties during high pollution days, using air purifiers, and 
improving home ventilation. Personalized asthma action 
plans, tailored to local air quality, can guide medica-
tion use during poor air quality periods, reducing emer-
gency visits. Healthcare providers can also advocate for 
stronger air quality policies and engage in community 
initiatives, such as reducing emissions near schools. Inte-
grating real-time air quality alerts into clinical practice 
enables families to take preventive measures, improv-
ing outcomes and reducing the asthma burden linked 
to air pollution. This study also shared robust data glob-
ally which has a significant policy implication for public 
health, air quality standards and interventions to protect 
this vulnerable group of population from the respira-
tory health effects of PM exposure among children and 
adolescents.
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