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Breathe easier, California! Turn off your engine.

What is idling?

Idling is running a vehicle's engine while it is not moving. Unnecessary idling by diesel-fueled trucks,
buses, and passenger vehicles near homes, schools, and shopping centers raises concern for many
communities across California.

The California Air Resources Board (CARB) enforces clean air rules for idling diesel trucks and buses
throughout the state. Although CARB's idling rules do not apply to passenger vehicles, it is important
to reduce idling all the same to help protect our community’s health and our environment.

Why reduce idling? By turning off our engines, we can...

Community Health Protect the health of our most at-risk community members, like children,
the elderly, and those with health conditions such as asthma and heart-

‘.’ related issues. Recent studies find nearly 3 times as many people die from
L air pollution-related deaths as from car accidents annually.

Environment . ) o
Improve the environment. Stopping all unnecessary idling in the U.S.
is about the same as removing the pollution from 5 million vehicles, or
planting 30 million acres of trees, every year.
Savings Save money by reducing unnecessary (and costly) wear and tear.
Researchers estimate that idling from trucks, buses, and cars in the
@ U.S. wastes about 6 billion gallons of fuel annually.
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Diesel truck and bus idling enforcement

CARB has rules that limit diesel truck and bus idling to 5 minutes
everywhere. Trucks and buses with certified Clean Idle stickers can
idle for more than 5 minutes in unrestricted areas, but are still not
allowed to idle in restricted areas. This rule does not apply to cars
or pick-up trucks.

01234567890

Exceptions to these rules exist. Truck and

bus idling is not allowed in places defined by

CARB as “restricted areas” such as schools, homes, hospitals, and senior and
childcare facilities within 100 feet of the property line.

Many of California’s trucks and buses are already certified clean idle vehicles,
which means that they can idle for more than 5 minutes in unrestricted areas.
Last year, in CARB’s Community Air Protection Program selected communities in
Southern California, enforcement staff found over 98% of trucks and buses were
following the idling rules.

NO IDLING
CHILDREN BREATHING

What can you do to help?
1.

Limit all idling time. Although CARB'’s idling
rules do not apply to passenger vehicles
(e.g., cars or pick-up trucks), idling of all
vehicles causes damage to our health and our
environment. If possible, turn off your engine
if you are waiting for more than 10 seconds.

Keep your car well-maintained. A poorly-
maintained vehicle pollutes the air more than
a well-maintained vehicle, and may also burn more fuel. These vehicles break
down more often leading to a damaged engine and costly repairs.

Report diesel trucks and buses idling in your community by calling 1-800-END-SMOG
(1-800-363-7664) or visiting calepa.ca.gov/enforcement/complaints. Remember, trucks and
buses with certified Clean Idle stickers can idle for more than 5 minutes in unrestricted areas.

Include the following information when reporting an idling vehicle of concern:

e  Where did the idling occur?

e When did it occur? Is it ongoing?

e Who or what was the cause?

* Photos, videos, and front and rear license plate numbers, if possible.

Contact us
COES@arb.ca.gov | arb.ca.gov/truckstop


mailto:COES%40arb.ca.gov?subject=
http://arb.ca.gov/truckstop

Gavin N , G
C A L I F O R N I A Yana (?:::ia,%V\;TEITA S:;/reetcr:yr

AIR RESOURCES BOARD Liane M. Randolph, Chair

California, jrespira tranquilo! Apaga tu motor.

7%

¢Qué es el motor en marcha?

Tener el motor en marcha se refiere a tener el motor encendido de un vehiculo sin moverse. Tener el
motor de camiones de diésel, autobuses y autos de pasajeros en marcha sin alguna necesidad cerca
de escuelas y centros comerciales causa preocupacion entre muchas comunidades de California.

El Consejo de Recursos del Aire de California (CARB por sus siglas en inglés) hace cumplir las leyes

de aire limpio que incluyen motores en marcha de camiones y autobuses de diésel en todo el estado.
Aunque las reglas de motor en marcha de CARB no aplican a automoviles de pasajeros, es importante
reducir dicha practica para ayudar a proteger la salud de la comunidad y el medio ambiente.

¢Por qué reducir el motor en marcha? Al apagar los motores, podemos...

Proteger la salud de nuestros miembros de la comunidad que estan en
mayor riesgo, como nifios, ancianos y los que tienen condiciones de salud

‘., como asma y problemas cardiacos. Estudios recientes muestran que la
‘an*

Salud comunitaria

mortalidad relacionada a la contaminacién del aire es tres veces mayor que
la de los accidentes de autos anualmente.

Medio ambiente ) ) ) o
Mejora el medio ambiente. Eliminar tener el motor en marcha de forma

innecesaria en EE.UU. equivale a eliminar la contaminacién de 5 millones
de autos, o plantar 30 millones de acres de arboles, cada ano.

Ahorre dinero reduciendo el desgaste y deterioro innecesario (y

costoso). Investigadores calculan que tener el motor en marcha en

@ camiones, autobuses y autos en los EE.UU. desperdicia alrededor de
6 mil millones de galones de combustible anualmente.

Ahorros
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Cumplimiento de leyes de motores en

marcha en camiones y autobuses de diésel

CARB tiene reglas que limitan tener el motor de los camiones y
autobuses en marcha a 5 minutos en todos lados. Con calcomanias
certificadas Clean Idle (motor en marcha limpia) pueden tener el motor
en marcha por mas de 5 minutos en areas sin restricciones, pero ain no
se les permite tener el motor en marcha dentro de los 100 pies de

areas restringidas, como escuelas, hogares, hospitales e instalaciones
para personas mayores y cuidado infantil durante mas de 5 minutos.

CHILDREN BREATHING

Esta regla no aplica a autos o camionetas tipo pick-up. Existen otras excepciones a
estas reglas, como que los camiones y autobuses pueden tener el motor en marcha
mientras usan dispositivos de toma de energia y en el trafico. Los autobuses
pueden tener el motor en marcha hasta 10 minutos antes de que los pasajeros
aborden y en cualquier momento que los pasajeros estén a bordo para el control
del clima. Los autobuses escolares no pueden tener el motor en marcha durante
mas de 30 segundos cerca de las escuelas.

NO IDLING

California ya tienen calcomanias certificadas Clean Idle
(motor en marcha limpia), lo que significa que pueden tener
el motor en marcha durante mas de 5 minutos en areas sin
restricciones. En 2020, el personal de aplicacion de CARB
descubrié que mas del 97% de los camiones y autobuses
observados seguian las reglas de motores en marcha en
comunidades de todo California.

Muchos de los camiones y autobuses de

;Qué puedo hacer para ayudar?

1.

Reduzca el tiempo de uso del motor en marcha. Aunque las reglas de motor en
marcha de CARB no aplican a autos de pasajeros (coches y camionetas pick-up),

el motor en marcha de todos los vehiculos causa dafios a nuestra salud y al medio
ambiente. De ser posible, apaga el motor si va a esperar mas de 10 segundos.
Mantenga su auto en buen estado. Un vehiculo en mal estado contamina el aire mas
que un vehiculo en buen estado, y puede también consumir mas combustible. Estos
vehiculos se averian con mas frecuencia lo que conlleva a reparaciones costosas.
Reporte camiones y autobuses con motor en marcha en su comunidad llamando
al 1-800-END-SMOG (1-800-363-7664) o yendo a calepa.ca.gov/enforcement/
complaints. Recuerda, los camiones y autobuses con calcomanias Clean Idle pueden
tener el motor en marcha por mas de 5 minutos en areas sin restricciones.

Incluya la siguiente informacién al reportar un vehiculo con motor en marcha:

(En ddénde estuvo el motor en marcha?

;Cuando ocurrié? ; Todavia ocurre?

;Quién o que fue la causa?

Fotos, videos y nimeros de placas frontales o traseras, de ser posible.

Contactenos COES@arb.ca.gov | bitly.com/CARB-COES
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Reasons to
Report idling
Diesel Trucks

1 Protect Children’s Health

Diesel exhaust exposure harms children's developing lungs, increasing risks of
asthma, respiratory infections, and even cancer.

Protect Community Health

Diesel exhaust is classified as carcinogenic to humans (IARC 2012). 70% of California’s
known cancer risk from toxic air contaminants is linked to diesel emission

Reduce Pollution

Diesel trucks and buses in California cannot idle for more than 5 minutes, especially
near schools, homes, and hospitals.

-800-Cut-Smog

Your report can be anonymous.

IT'S THE
LAW!




Razones para
Reportar Camiones

Diésel en Ralenti

1 Proteger la Salud de los Ninos

La exposicion a los gases de escape del diésel dafia los pulmones en desarrollo de los nifios,
aumentando el riesgo de asma, infecciones respiratorias e incluso cancer.

2 Proteger la Salud de la Comunidad

Los gases de escape del diésel estan clasificados como cancerigenos para los seres
humanos (IARC 2012). El 70% del riesgo de cancer conocido en California, derivado de los
contaminantes toxicos del aire, esta relacionado con las emisiones de diésel.

3 Reducir la Contaminacion

En California, los camiones y autobuses diésel no pueden permanecer en ralenti durante
mas de 5 minutos, especialmente cerca de escuelas, viviendas y hospitales.

1-800-Cut-Smog

Su informe puede ser anénimo.




DIESEL and TRAFFIC EMISSIONS
Impacts on Children’s Health

Pollutants of Concern from Motor Vehicles Exhaust

Particulate Matter - Fine (PM2.5) and Ultrafine (UFP)
Carcinogens - PAHSs, Black Carbon, Benzene, Formaldehyde
Nitrogen Oxides

Metals

Carbon Monoxide

Carbon Dioxide

Children are at Greater Risk than Adults

¢ Rapidly developing immune, neurologic, and lung systems
e Breathe more air than adults relative to their size
e More likely to be active when outdoors

Known Health Effects of Children Living Near Traffic-Related Pollutants

Strong Evidence for:

Asthma prevalence

New-onset asthma

Chronic and acute asthma-related respiratory symptoms
Delayed lung function development

Prevalence of childhood leukemia

Emerging Evidence for:

Autism Spectrum disorder

Adverse birth outcomes

Attention-deficit/hyperactivity disorder (ADHD)

Delayed cognitive development

Childhood obesity, Type Il diabetes, and insulin resistance

PreNatal & Early Childhood Exposure

o Adult Cancer
e Parkinson’s Disease
o Alzheimer’s Disease

Source: Boothe, V. L., Boothe, R. W., & Baldauf, R. (2020). Transport and
children’s wellbeing. In Chapter Seven — Traffic emission impacts on
child health and well-being (pp. 119-142). ScienceDirect.
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EMISIONES DE DIESEL Y DE TRAFICO

Impactos en la salud de los ninos

Contaminantes de los Gases de Escape de Vehiculos de Motor

Materia Particulada - Fina (PM2.5) y Ultrafina (UFP)

Sustancias cancerigenas: HAP, Carbono Negro, Benceno, Formaldehido
Oxidos de Nitrégeno

Metales

Monédxido de Carbono

Diéxido de Carbono

Los Ninos Corren un Mayor Riesgo que los Adultos.

o Sistemas inmunoldgico, neuroldgico y pulmonar en rdpido desarrollo.
e Los nifos respiran mds aire que los adultos en relacién con su tamano.
» Es mds probable que estén activos cuando estdn al aire libre.

Efectos de Salud en Ninos que Viven Cerca de Zonas con Contaminacion Relacionada con el Trdéfico.

Alta Evidencia de:

* Prevalencia del asma

o Nueva aparicién del asma

» Sintomas respiratorios crénicos y agudos relacionados con el asma.
» Desarrollo tardio de la funcién pulmonar

» Prevalencia de la leucemia infantil

Evidencia Emergente de:

Trastorno del espectro autista

Resultados adversos del parto

Trastorno por déficit de atencién con hiperactividad (ADHD)
Retraso en el desarrollo cognitivo

Obesidad infantil, diabetes tipo Il y resistencia a la insulina.

Exposicion Prenatal y en la Infancia

e Cdncer en Adultos
e Enfermedad de Parkinson
o Enfermedad de Alzheimer

Fuente de informacion: Boothe, V. L., Boothe, R. W., & Baldauf, R. (2020).Transport and
children’s wellbeing. Capitulo siete: Impacto de las emisiones del trafico en la salud y el
bienestar infantil. (pp. 119-142). ScienceDirect.
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ARTICLE INFO ABSTRACT

Keywords:

Air pollution
Children’s health
Umbrella review

The amount of data that is currently accessible on ambient air pollution and children’s health has significantly
increased. Although numerous systematic reviews and meta-analyses have evaluated the effect of air pollution on
children’s health, the results are mixed, including positive, negative, or null associations. The objective of this
umbrella review is to thoroughly evaluate the validity of existing research on the connection between air
pollution and children’s health. We identified 33 systematic reviews of observational studies in which a diversity
of health outcomes for children were reviewed, including mortality, respiratory diseases, hypertension, etc.
According to our review’s findings, being exposed to air pollution increases the chance of developing leukemia
among children, as well as autism spectrum disorders, hypertension, otitis media, obesity, pneumonia, asthma,
respiratory diseases, eczema, and allergic rhinitis. Additionally, there was a sizable positive association between
air pollution and child mortality. The findings of this extensive umbrella review provide convincing proof that
exposing children to air pollution increases the risk of developing multiple diseases. Our results have implica-
tions for strengthening childhood health care, reducing air pollution, and improving intergenerational equity.

1. Introduction

According to statistics, almost all people (99%) were exposed to
concentrations higher than the WHO recommendation (5 pg/m?® annual
mean) (WHO, 2022), and 93% of children under 15 years of age breathe
polluted air (WHO, 2018). 4.2 million premature deaths were brought
on by ambient air pollution in 2016, with nearly 300,000 of those fa-
talities occurring in children under the age of five (Adair-Rohani, 2018).
Due to their developing bodies and underdeveloped immunological and
respiratory systems, children are especially vulnerable to the impact of
air pollution (Lin et al., 2021a,b). A serious public threat to the health
and welfare of people is air pollution. It has become the fourth leading
risk factor for death after high blood pressure, tobacco use and poor diet.
In the past, 40% of chronic obstructive pulmonary disease (COPD) and
192 million years of life lost (YLL) were associated with air pollution
(IHME, 2023).

According to the studies we included, both developing and devel-
oped regions or countries are suffering from air pollution (Karimi and

Shokrinezhad, 2020). The effects of toxic substances can begin before
birth and continue into later life, in which the structural and functional
development of certain organs is affected (Miller and Marty, 2010).
Previous research has revealed that air pollution exposure can have an
impact on the blood system (Gong et al., 2019), mortality (Karimi and
Shokrinezhad, 2020), respiratory system (Orellano et al., 2018), nervous
system (Liu et al., 2023), and circulatory system (Yan et al., 2021). It is
also linked to metabolic disorders (Huang et al., 2022), allergic disease
(Yue et al., 2022), and infectious disease (Lee et al., 2020), etc. In China,
studies have shown that air pollution may increase the risk of death
among children (He et al., 2022). In terms of the respiratory system,
exposure to coarse particulate matter in infants (Lu et al., 2023a,b,c,d)
and young children (Lu et al., 2022) may increase the risk of asthma, and
allergic rhinitis (Lu et al., 2023a,b,c,d) and pneumonia (Lu et al., 2023a,
b,c,d) in infants are also closely related to it. In addition, exposure to air
pollution has been associated with autism spectrum disorders (Geng
et al., 2019), elevated blood pressure (Zhang et al., 2020), allergies (Liu
et al., 2020), and otitis media (Lu et al., 2023a,b,c,d) in children.
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Before this study, hundreds of epidemiological studies explored the
effects of air pollution on children’s health and conducted many sys-
tematic reviews and meta-analyses to synthesize these results; however,
the conclusions are mixed. In addition, the majority of the previous
studies focused only on one aspect of health outcomes. Since air pollu-
tion exposure is proposed to be linked to numerous health outcomes, the
overall picture of air pollution exposure and health outcomes remains
unclear from the available evidence, which may hinder the guide on
children’s care for clinicians and public health workers.

To provide researchers and public health professionals with more
comprehensive and higher-quality evidence relating air pollution
exposure to children’s health, we conducted this umbrella review, de-
tailing these links and synthesizing the available evidence to help chil-
dren understand and prepare for air pollution. This work will protect
children today and those who will come after them.

2. Methods

During the whole research process, the PRISMA statement (Table S1)
(Page et al., 2021), the preferred reporting items for review overview
(Table S2) (Gates et al., 2022), and the umbrella review guidelines
(Aromataris et al., 2015) were followed. The protocol has been regis-
tered on PROSPERO (CRD42022371501).

2.1. Search strategy

PubMed, Scopus, Medline, Embase, the Web of Science, and the
Cochrane Library were used as the main search engines for studies
published up to October 8, 2022, and confined to studies published in
English. During the literature search, we followed the PRISMA standards
and the PRIOR (Preferred Reporting Items for Overviews of Reviews)
statement. Supplementary materials provide a complete search strategy.
(Table S3).

2.2. Eligibility criteria

PECOS(Participants, Exposure, Comparators, Outcomes, and Study
design) was used as eligibility criteria. Children as "Participants", air
pollution as "Exposure”, "Comparator" stands for risk ratio (RR), odds
ratio (OR), or hazard ratio (HR), "Outcome" refers to the various health
outcomes of children exposed to air pollution, and "Design" means a
review with or without meta-analysis (the focus is on reviews for which
a meta-analysis has been performed). Exclusion criteria were as follows:
narrative reviews, letters, conference abstracts, grey literature, and
research protocols; genetic or experimental studies examining animals;
or focused on non-general populations, such as occupational groups. The
details are shown in Table 1.

Table 1
Eligibility criteria for this comprehensive review of the relationship between
ambient air pollution and child health outcomes.

Element Inclusion criteria Exclusion criteria
Population  Children Adult
Exposures Outdoor air pollution Indoor air pollution
Outcomes Adverse health outcome Adverse health outcomes
not caused by exposure to
air pollution
Review Reviews of relevant quantitative Narrative review
Design observational epidemiologic research,  Grey literature
including cohort, case-control, and
cross-sectional studies, with or
without the utilization of meta-
analysis (the focus is on reviews for
which a meta-analysis has been
performed)
Language English Non-English
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2.3. Study selection

All identified records were imported into Endnote X9, and two re-
searchers (KL and HC) worked alone to screen the title, abstract, and full
text of the article and remove duplicate records. Disputes were resolved
by consensus with the third author (ZY).

2.4. Data extraction

Information was collected separately by two authors (KL and HC),
with inconsistencies resolved by a third researcher (ZY). For each
eligible article, we extracted information as shown in Table S4. For each
meta-analysis, the key information extracted was shown in Table S7.

2.5. Evaluation of the quality of methodology and evidence

After screening studies, the more specific and sensitive AMSTAR 2
was used instead of JBI to analyze study quality (Ferguson et al., 2022).
Quality and credibility were also assessed using AMSTAR 2 (Shea et al.,
2017). Detailed scoring items for AMSTAR 2 can be found in Table S5. In
this review, we used the concept of recommendation grading, assess-
ment, formulation, and evaluation (GRADE) to evaluate the evidence
(Brozek et al., 2021). There are five deterioration criteria (limitation of
research method, inconsistencies, impreciseness, possibility of publica-
tion bias, indirect) and three upgrade factors (large effect, dose effect,
and confounding) in the GRADE system (Guyatt et al., 2011).

2.6. Data synthesis

Given associations of interest, they may be assessed in two or more
reviews with overlapping results, which could bias findings and esti-
mates. Therefore, we calculated the level of overlap between component
studies using a citation matrix with a method name as the corrected
covered area (CCA) (Nyadanu et al., 2022). The CCA was calculated
using the following formula, where N is the sum of the number of
included primary studies in the umbrella review, r again for the number
of rows, and c for the number of columns. CCA >15% indicates a very
high degree of overlap, 11-15% indicates high, 6-10% indicates mod-
erate, and less than 5% is slight (Pieper et al., 2014).

N-—r

rc—r

CCA (%) =

Systematic reviews without meta-analysis were narratively synthe-
sized. Pooled estimates (e.g., number of primary studies, OR, and I?
statistics, etc.) for the meta-analysis review were derived from the pre-
liminary measurements provided. The reviews that underwent meta-
analysis used forest plots for combined effect estimation.

3. Results
3.1. Literature search

Six databases yielded 15,502 records (Fig. 1). There were 5121 ar-
ticles excluded due to duplication. After the initial screening, 91 articles
proceeded to the full-text review stage. After further reading, 58 articles
were eliminated for the following reasons: articles that were not written
in English (n = 15); no systematic review or meta-analysis (n = 14); non-
child health (n = 10); conference abstract (n = 13); no clear result (n =
6). In summary, 33 articles were identified as eligible for this umbrella
review (30 with meta-analyses and 3 without meta-analyses). Three of
these articles were on the blood system, two on mortality, two on the
nervous system, fifteen on the respiratory system, three on the circula-
tory system, one on infectious diseases, three on metabolic systems, and
four on allergic diseases.

The selected characteristics of the contained reviews were described
in Fig. 2. A total of 526 primary studies from 51 countries were all
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Identification of studies via database and registers

Results identificated from six
Pubmed,Scopus,Medline, Embase, Web
\of Science,Cochrane Library(n=15,502)

Duplicated records removed
(n=5,121)

A 4

Records after duplicates removed Excluded based on title/abstract review
(n=10,381) (n=10,290)

/ Full-text articles excluded (n=58)\

-Articles not written in English (n=15)

h 4

. A -Conference Abstract (n=13)
Records eligible for full text reviews

(n=91) -Non-child health (n=10)

-NoO systematic review/meta-analysis
(n=14)

\chear result (n=6) /

4

gdies included in Umbrella review (n=33;52§

primary studies)

Blood system (n=3)
Mortality (n=2)

Nervous system (n=2)
Respiratory system (n=15)
Circulatory system (n=3)
Infectious disease (n=1)

Metabolic system (n=3)

@c disease (n=4)

published after 2010, with a focus on the period from 2020 to 2022, 3.2. Risk of bias

including the United States (125), China (107), and Canada (35), among

others (Table S8). There were 5-46 primary studies included within The AMSTAR 2 scores of the 33 included articles were as follows: 6

every meta-analysis, with an average of 16. (18.2%) were rated as high quality, 4 (12.1%) as moderate quality, 13
(39.4%) as low quality, and 10 (12.2%) as very low quality. According to

\_

Fig. 1. Flowchart of the systematic search and selection process.
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Fig. 2. Essential features of the studies included in this umbrella review. Date of publication of all included studies; Proportion of each health outcome.

GRADE criteria, each estimate was assessed for its quality of evidence.
Six studies (18.2%) were evaluated as moderate, ten (30.3%) as low, and
seventeen (51.6%) as very low among the 33 studies considered
(Table S5).

3.3. Study overlap

The 33 eligible systematic reviews included 771 component studies,
including 245 duplicates, of which 526 were unique component studies.
The CCA was 1.23%, indicating a slight overlap.

Subgroup Author Year No. of studies Exposure Effect size (95% CI) AMSTAR GRADE
Blood system
Leukemia
Gongetal. 2019 21 Traffic density - 1.01(0.98-1.04) -
Gongetal. 2019 21 NO2 - 1.02(0.93-1.10) -
Gong et al 2019 21 Benzene 1.04(0.71-1.37) - @
Fiippini etal. 2015 26 NO2 - 1.21(0.97-1.52) |
Filippini et al. 2015 26 Benzene . 1.64(0.91-2.95) B |
Filippini etal. 2019 29 Benzene - 1.27(1.03-1.56) = =
Filippini etal. 2019 29 NO2 - 1.04(0.90-1.19) I ]
Filippini etal. 2019 29 PM10 - 1.20(0.70-2.04) | —]
Filippini etal. 2019 29 PM2.5 - 1.05(0.94-1.16) I |
Fiippini etal. 2019 29 1,3-butadiene . 1.45(1.08-1.95) -
Mortality
Karimietal. 2020 27 PM2.5 ] 1.03(1.02-1.05) |
Karimietal. 2020 27 PM10 . 1.03(1.02-1.05) - .
Karimietal. 2020 27 co . 1.03(1.02-1.05) | |
Karimietal. 2020 27 NO2 " 1.02(1.00-1.04) LI
Karimietal. 2020 27 so2 . 1.02(1.00-1.05) - .
Nervous system
Autism spectrum disorder
Liu etal. 2022 30 PM2.5 . 1.34(1.12-1.60) |
Liu et al 2022 30 PMe . 1.15(1.08-1.22) - -
mamome . High BN Moderate
. o B Very low

Fig. 3. Association between air pollution and the blood system, mortality, and nervous system.
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3.4. Blood system

Three systematic reviews assessed the effect of air pollution on
childhood leukemia (Gong et al., 2019; Filippini et al., 2015, 2019).
Details of systematic reviews were shown in Table S4. As shown in
Fig. 3, traffic density, NOy, benzene, PM;o, PM 5, and 1,3-butadiene
were found to increase childhood leukemia risk. Although all three
studies found an association between air pollution and leukemia, only
benzene (RR = 1.27 (95%CI:1.03, 1.56)) and 1, 3-butadiene (RR = 1.45
(95%CI:1.08, 1.95)) were significantly associated with the increased risk
of leukemia (Filippini et al., 2019). There is moderate heterogeneity, as
the heterogeneity test showed in most of the studies. Only a few research
showed publication bias in their studies. According to the AMSTAR 2, all
studies were graded low in terms of quality. On the other hand, when
using GRADE, all studies were found to be assessed as low or very low.

3.5. Mortality

Based on the results of a meta-analysis (Karimi and Shokrinezhad,
2020) and a systematic review (Ibrahim et al., 2021), exposure to PMa 5
(RR = 1.03 (95%CI:1.02, 1.05)), PM;( (RR = 1.03 (95%CI:1.02, 1.05)),
CO (RR = 1.03 (95%CI:1.02, 1.05)), NO2 (RR = 1.02 (95%CI:1.00,
1.04)), and SO, (RR = 1.02 (95%CI:1.00, 1.05)) was associated with a
higher risk of child mortality (Fig. 3). According to AMSTAR 2, one
study was graded as moderate and one study was graded as low. On the
other hand, GRADE showed two studies rated as low or very low.

3.6. Nervous system

The relationship between air pollution and child autism spectrum
disorder was studied in two meta-analyses (Lin et al., 2021a,b; Liu et al.,
2023). Studies with high AMSTAR 2 scores indicate that exposure to
PMz5 (RR = 1.34 (95%CIL:1.12, 1.60)) and PMcoarse (PMc, PM with an
aerodynamic diameter between 2.5 and 10 pm) (RR = 1.15 (95%
CI:1.09, 1.22)) was associated with an increased risk of autism spectrum
disorder in children (Fig. 3). In addition, one study found that PMj 5
exposure-response phenomenon, different concentrations of PM; 5 have
different effects on autism spectrum disorders. According to AMSTAR 2,
one study was graded high and one study was graded low. On the other
hand, GRADE showed two studies rated as low or very low.

3.7. Circulatory system

This research included three meta-analyses related to hypertension
(Yan et al., 2021; Huang et al., 2021; Qin et al., 2021). Existing evidence
shows that long-term exposure to PM;o (RR = 1.17 (95%CI:1.13, 1.21))
can raise blood pressure in children and affect the prevalence of hy-
pertension. Three studies had sufficient evidence for long-term expo-
sure, but there was relatively little evidence for short-term exposure.
The AMSTAR 2 results showed that one study was rated high and two
others were rated low or very low. When GRADE was used to grade the
evidence for the included articles, one study was rated moderate, and
the other two were rated very low.

3.8. Infectious disease

Included a study on the association of particulate matter with otitis
media in children (Lee et al., 2020). Children were more likely to
develop otitis media in environments with higher particulate matter
concentrations. Compared with the increase of PM;o (RR = 1.01 (95%
CI:1.01, 1.02)) concentration, the increase of PMys (RR = 1.03 (95%
CI:1.01, 1.06)) concentration has a greater impact on otitis media (Lee
et al., 2020). The level of evidence in this study was low according to
AMSTAR 2 and GRADE standards.
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3.9. Metabolic system

Three meta-analyses (Parasin et al., 2021; Huang et al., 2022; Bah-
reynian et al., 2019) showed that air pollution exposure, particularly
particulate matter exposure, affects children’s weight status and in-
creases the risk of obesity. Among the studies with high AMSTAR 2 and
moderate GRADE scores, PMj (RR = 1.12 (95% CI: 1.06, 1.18)), PM5 5
(RR = 1.28 (95% CI: 1.13, 1.45)), PM; (RR = 1.41 (95% CI: 1.3, 1.53))
and NO;3 (RR = 1.11 (95%CI:1.06, 1.18)) were significantly associated
with obesity. The results of the heterogeneity test showed that most of
the studies had high inter-study heterogeneity. Two studies were rated
high by AMSTAR 2 and moderate by GRADE. The other study had low
AMSTAR 2 and GRADE scores.

3.10. Respiratory system

Fifteen systematic reviews have shown that exposure to air pollution
has a negative impact on children’s respiratory health. (Fig. 4, Fig. 5,
Fig. 6). The results of the heterogeneity test showed that most of the
studies had high inter-study heterogeneity. Publication bias had only
been revealed by a few studies. At least half of the studies in terms of
quality were rated low or moderate by AMSTAR 2. On the other hand,
GRADE considered the evidence from most of the included studies to be
low or very low.

3.10.1. Respiratory diseases

Based on the results of two systematic reviews (King et al., 2018;
Rodriguez-Villamizar et al., 2015) and two meta-analyses (Ziou et al.,
2022; Zhang et al., 2022), a study with high AMSTAR 2 scores and
moderate GRADE scores showed that children and adolescents were
exposed to PMy 5 (RR = 1.01 (95%CI: 1.00, 1.01)) and PM; (RR = 1.02
(95%CI: 1.01, 1.02)), which may cause upper respiratory tract infection.
Boys are more susceptible to short-term exposure to PM, 5 than girls
(Zhang et al., 2022). In addition, several remaining studies with low or
very low AMSTAR 2 and GRADE ratings found an association between
air pollutants and bronchiolitis hospitalizations and adverse effects on
lung function.

3.10.2. Pneumonia

A meta-analysis found that PM;o (RR = 1.02 (95%CL: 1.01, 1.02)),
PM; 5 (RR = 1.02 (95%CIL: 1.01, 1.03)), NO;3 (RR = 1.01 (95%CIL: 1.01,
1.03)) 1.00, 1.02)), O3 (RR = 1.02 (95%CI: 1.01, 1.03)) and SO, (RR =
1.03 (95%CI: 1.00, 1.05)) increased the short-term hospitalization for
pneumonia in children. Even at low levels, PM2.5 pollution is still
associated with pneumonia in children. Both AMSTAR 2 and GRADE
scores were very low (Nhung et al., 2017).

3.10.3. Asthma

The results of 10 meta-analyses (Orellano et al., 2018; Orellano et al.,
2017; Luong et al., 2019; Takenoue et al., 2012; Gasana et al., 2012;
Weinmayr et al., 2010; Zhang et al., 2022; Yan et al., 2020; Bowatte
etal., 2015; Han et al., 2021) show that both prenatal maternal exposure
and early childhood exposure to air pollution are associated with child
asthma incidence and prevalence, as well as asthma development and
exacerbation. Studies with high AMSTAR 2 scores and moderate GRADE
scores showed that PM5 5 (RR = 1.07 (95%CI: 1.00, 1.13)), NO, (RR =
1.21 (95%CI: 1.12, 1.31)), benzene (RR = 1.11 (95%CI: 1.06, 1.17) and
total volatile organic pollutants (RR = 1.06 (95%CI: 1.03, 1.1)) were
significantly associated with the risk of asthma. The effects of PMy 5 and
NO; on asthma in Asia were higher than those in Europe and North
America (Han et al., 2021). In addition, the degree of association be-
tween PM; 5 and asthma increased with age (Bowatte et al., 2015).

3.11. Allergic disease

The effect of air pollution on allergic disease was examined in 4
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Subgroup
Circulatory system
Hypertension

Infectious disease
Ofitis media

Metabolic system
Obesity

Respiratory system
Respiratory diseases

Pneumonia
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Author Year No. of studies Exposure Effect size (95% Cl) AMSTAR GRADE
Yan etal. 2021 15 PM10 . 1.47(1.13-1.21) I -
Qinetal 2021 48 PM10 - 1.15(1.01-1.32) - -
Leeetal. 2020 12 PM2.5 - 1.03(1.01-1.06) .
Leeetal. 2020 12 PM10 - 1.01(1.01-1.02) [ ]
Parasinetal. 2021 8 PM2.5 - 1.06(1.02-1.10) [ ]
Huangetal. 2022 15 PM10 . 1.12(1.06-1.18) I .
Huang etal. 2022 15 PM2.5 . 1.28(1.13-1.45) I -
Huangetal. 2022 15 PM1 - 1.41(1.3-1.53) B e
Huangetal. 2022 15 NO2 - 1.11(1.06-1.18) .
Ziouetal. 2022 16 PM2.5 - 1.01(1.00-1.01) .
Ziou et al 2022 16 PM10 L] 1.02(1.01-1.02) N .
Nhung etal. 2017 17 PM10 " 1.02(1.01-1.02) I .
Nhung etal. 2017 17 PM2.5 = 1.02(1.01-1.03) - -
Nhung etal. 2017 17 NO2 - 1.01(1.00-1.02) [ |
Nhungetal. 2017 17 03 L] 1.02(1.01-1.03) - .
Nhung etal. 2017 17 s02 = 1.03(1.00-1.05)

masmasne) B High W Moderate
. ow . Verylow

Fig. 4. Association between air pollution and the circulatory system, infectious diseases, metabolic system, and respiratory system.

Subgroup  Author Year No. of studies Exposure Effect size (95% Cl) AMSTAR GRADE

Asthma
Weinmayr etal. 2010 36 PM10 - 1.03(1.01-1.05) o m
Zhang et al. 2017 18 NO2 [ ] 1.07(1.01-1.14) .
Zhang et al. 2017 18 s02 [ ] 1.02(0.98-1.07) .
Zhang et al. 2017 18 PM10 [ ] 1.08(1.05-1.12) —
Yan et al 2020 9 PM2.5 - 1.06(1.02-1.11) I .
Bowatte etal. 2015 19 NO2 [ ] 1.09(0.96-1.23) - .
Bowatte etal. 2015 19 PM2.5 - 1.14(1.00-1.30) .
Bowatte et al. 2015 19 BC - 1.20(1.05-1.38) I .
Han et al. 2021 27 PM2.5 - 1.07(1.00-1.13) I .
Han et al 2021 27 NO2 - 1.21(1.12-1.31) B s
Han et al. 2021 27 TVOC [ ] 1.06(1.03-1.10) [ e
Han et al. 2021 27 Benzene o 1.11(1.08-1.17) B e

5 [ : . High B Moderate

- lov . Verylow

Fig. 5. Association between air pollution and the respiratory system.

Subgroup  Author Year No. of studies Exposure Effect size (95% Cl) AMSTAR GRADE

Asthma
Orellanoetal. 2018 16 Air pollution L] 1.34(1.17-1.54) -
Orellano et al. 2017 22 NO2 - 1.02(1.01-1.04) I .
Orellanoetal. 2017 22 s02 ] 1.04(0.99-1.09) -
Orellanoetal. 2017 22 PM2.5 [ 1.03(1.01-1.05) -
Luong et al 2019 8 PM10 = 1.02(1.00-1.04) - .
Luong et al. 2019 8 PM2.5 [ ] 1.01(1.00-1.02) I .
Luong et al 2019 8 PM1 [ 1.02(1.01-1.03) I
Luong et al 2019 8 NOX [ 1.01(1.00-1.03) B .
Luong et al. 2019 8 NO2 [ 1.01(1.00-1.02) B .
Takenoue etal. 2012 12 NO2 [ 1.14(1.03-1.25) .
Gasana et al. 2012 19 NO2 " 1.05(1.00-1.11) I .
Gasanaetal. 2012 19 NOX [ 1.02(1.00-1.04) I
Gasana et al. 2012 19 co - 1.06(1.01-1.12) I .
Gasana et al. 2012 19 PM - 1.05(1.04-1.07) I .
Gasana et al 2012 19 so2 - 1.04(1.01-1.07) I ..

systematic reviews (Fig. 7).

Emasceomcy B High B Moderate
e . Verylow

Fig. 6. Association between air pollution and the respiratory system.

3.11.1. Eczema
Children’s eczema risk was significantly associated with maternal
prenatal exposure to nitrogen dioxide (RR = 1.13 (95%CL: 1.06, 1.19)),
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Subgroup Author Year No.of studies Exposure

Allergic disease
Eczema

Deng et al. 2022 12

Allergic rhinitis

Zhangetal. 2022 11

Zhang etal. 2022 11 S02

Zhang etal. 2022 11 PM10

Zhangetal. 2022 11 PM2.5

Lin et al. 2021 21 PM2.5

Lin et al. 2021 21 PM10

Zouetal 2018 13 NO2

Zouetal 2018 13

Zouetal 2018 13 PM10

Zouetal 2018 13 PM2.5
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Effect size (5% Cl) AMSTAR GRADE

1.13(1.06-1.19)

1.11(1.05-1.18)
1.03(1.01-1.05)
1.02(1.01-1.03)
1.15(1.03-1.29)
1.09(1.01-1.17)
1.06(1.02-1.11)
1.14(1.05-1.23)
1.09(1.01-1.16)

1.12(1.06-1.19)

1.17(1.09-1,25)

Moderate

B Very low

[
. o

Fig. 7. Association between air pollution and allergic diseases.

particularly during the first and second trimesters (Yue et al., 2022). The
study was rated low by AMSTAR 2 and very low by GRADE.

3.11.2. Allergic rhinitis

The results of three meta-analyses (Zhang et al., 2022; Lin et al.,
2021a,b; Zou et al., 2018) suggest that exposure to NO2 (RR =1.11 (95%
CI: 1.05, 1.18)), SO, (RR = 1.03 (95%CI: 1.01, 1.05)), PM;o (RR = 1.02
(95%CI: 1.01, 1.03)), and PMz 5 (RR = 1.15 (95%CI: 1.03, 1.29)) may
increase the risk of allergic rhinitis in children. Furthermore, particulate
matter poses a greater threat than gaseous pollutants, and PM; 5 is more
likely to affect developing countries and regions, especially China. PM;
is more likely to have an impact on developed countries and regions. The
AMSTAR 2 scores for the three studies were moderate, low, and very
low, and the GRADE scores were low and very low, respectively.

4. Discussion
4.1. Main findings

A total of 33 systematic reviews were identified in this review (30
meta-analyses were performed and 3 were not performed), including 3
on the blood system, 2 on mortality, 2 on the nervous system, 3 on the
circulatory system, 1 on infectious diseases, 3 on the metabolic system,
15 on the respiratory system, and 4 on allergic disease. Overall, we
observed that air pollution exposure can increase the risk of leukemia,
autism spectrum disorders, hypertension, otitis media, obesity, pneu-
monia, asthma, other respiratory diseases, allergic rhinitis, eczema, and
childhood mortality.

This umbrella review had a slight overlap (1.23% CCA). So far, no
other umbrella reviews that have been written and published that may
be compared with this have been found. While it is widely recognized
that different pollution levels can have differing toxic and health effects,
low-level exposure to air pollution is often underestimated. Certain
diseases have been linked to even relatively low concentrations of
ambient air pollution (Nhung et al., 2017). The association was more
significant for particulate matter than gaseous pollutants for increased
risk of childhood death (Karimi and Shokrinezhad, 2020). Among par-
ticulate matter, PMy 5 is more harmful to allergic rhinitis in children
than PM;o, possibly because its aerodynamic equivalent diameter is
smaller and it can enter deeper airways (Lin et al., 2021a,b). Further, air
pollution exposure and physical health are more closely related for boys
than for girls because boys tend to spend more time outdoors than girls
(Zhang et al., 2022). Assessment of ambient air pollution exposure may
be an important source of heterogeneity, and there are many assessment
methods, such as air station monitoring data, temporal and

spatial-temporal models, etc. Some used the spatial-temporal variation,
while others didn’t (Yan et al., 2021).

Air pollution is composed of a variety of pollutants, but particulate
matter is the most representative and harmful to human health (Lin
et al., 2021a,b), among which fine particles are more dangerous than
coarse particles. Therefore, this paper summarizes the effects of PMs 5 on
children’s health. PM2.5 affects the neurodevelopment of early children
and is significantly associated with autism spectrum disorders (Lin et al.,
2021a,b). PM2.5 is associated with increased systolic and diastolic blood
pressure and can affect the cardiovascular system through various
mechanisms (Huang et al., 2021). Short-term increases in PM2.5 con-
centration may be associated with the development of otitis media (Lee
et al., 2020). PM2.5 can not only affect body weight through direct
mechanisms, but also lead to obesity through some indirect forms, such
as affecting sleep and leading to weight gain (Parasin et al., 2021). There
is some association between long-term exposure to PM2.5 and hospi-
talization for bronchiolitis, but the results are not very consistent among
studies (King et al., 2018). However, short-term or long-term exposure
to PM2.5 can significantly reduce lung function (Zhang et al., 2022). It is
also associated with hospitalization for pneumonia in children (Nhung
et al.,, 2017). PM2.5 is not only associated with wheezing related dis-
eases in children (Orellano et al., 2017), but also can aggravate asthma
(Luong et al., 2019). In addition, exposure to PM2.5 is also associated
with allergic rhinitis in children (Zhang et al., 2022; Lin et al., 2021a,b;
Zou et al., 2018). It is also because of the association of PM2.5 with
multi-system diseases that it is further associated with child mortality
(Karimi and Shokrinezhad, 2020).

The majority of studies were from the United States and China
(44.11%, Table S8). With relatively few studies from developing regions
and a lack of data on high pollution levels or vulnerable populations, the
call for an investigation in LMICs cannot be overemphasized in the
future.

4.2. Biological plausibility

Air pollution and childhood leukemia are associated primarily with
benzene, according to biological evidence. Benzene metabolites can
cause DNA damage through a variety of mechanisms, and benzene is
therefore considered to be a hemotoxic substance and a leukemic pro-
genitor (Whysner et al., 2004). The underlying mechanism by which air
pollution contributes to child deaths has not been elucidated, but the
process should be related to children’s immature immune system and
respiratory system (Karimi and Shokrinezhad, 2020). At present, the
mechanism of allergic rhinitis caused by particulate matter is not clear.
For asthma, common air pollutants may cause or aggravate asthma
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through different mechanisms. Exposure to particulate matter may
trigger airway inflammation and oxidative stress and may further cause
asthma (Orellano et al., 2018). The mechanism by which particulate
matter causes autism spectrum disorders in children has not been clar-
ified. Although the specific mechanism of particulate matter causing
hypertension is not clear, it is believed to be related to oxidative stress
and inflammation caused by exposure to particulate matter. In addition,
particulate matter can cause endothelial dysfunction and an imbalance
of vascular homeostatic responses, which may result in an increase in
blood pressure (Brook and Rajagopalan, 2009). The exact role that
particulate matter plays in the development of children’s otitis media is
unknown. However, particulate matter can affect the occurrence and
development of otitis media by promoting cell apoptosis (Song et al.,
2012). The mechanisms that link air pollution exposure to childhood
obesity are unclear. But it has been linked to oxidative stress, inflam-
mation, and insulin resistance caused by air pollution. In addition, air
pollution may reduce people’s desire for outdoor activities (Huang et al.,
2022; Bahreynian et al., 2019). Air pollution during pregnancy may
increase the risk of childhood eczema and allergies through an unknown
mechanism. Oxidative stress can also damage the skin barrier (Yue et al.,
2022; Ahn, 2014).

4.3. Strengths and limitations

This evaluation of the umbrella provides a number of benefits. First,
this umbrella review provides a comprehensive overview of the effects
of air pollution on children’s health. We conducted a comprehensive
literature search and included a large number of studies, including 33
systematic reviews and 526 primary studies covering health outcomes
for 7 to 25,704,288 participants in 9 different systems or organs. Second,
the PRISMA guidelines and the PRIOR statement were used to achieve
this review of methodological rigor. Third, this study achieved visual
presentation and comparative analysis of the results of each review,
which can assist and guide the work of healthcare decision makers.
Fourth, the results of CCA calculations indicate a slight degree of over-
lap. Several limitations should be considered. First, our study is
restricted to English publications, which may limit the general appli-
cability of the research results; however, it appears to have little effect
on the conclusions (Dobrescu et al., 2021; Morrison et al., 2012). Sec-
ond, there were more studies in the United States (125/526) and fewer
studies in areas with less developed economies or high pollution levels,
which may have led to selection bias. However, this umbrella review
included component studies in both highly polluted (China) and less
polluted (USA) settings. Third, common child health outcomes have
been more intensively studied than others. Based on such studies with
small sample size or few cases, the results of observational studies are
inevitably biased. In addition, children often face the common harm of
multiple pollutants, and it is difficult to distinguish the separate effects
of a pollutant and the combined effects of multiple pollutants. Fourth,
primary studies with prospective or retrospective designs can lead to
bias and confounding. Although the most important confounding factors
were controlled in most of the preliminary studies (65.02% for the
gender of the child and 42.59% for the age of the child), residual con-
founding could not be completely excluded. Fifth, the unavoidable high
heterogeneity. This might be due to regional variations in exposure
levels, illness definitions, and exposure evaluation approaches. Con-
clusions should be interpreted and applied with full consideration of the
strengths and limitations of this umbrella analysis.

4.4. Implications for research and public health

Children of various ages were included in the original studies since
the great majority of them did not limit the age of the children. For
children, who grow and develop at a faster rate, the effects of air
pollution may be different at different ages. Therefore, future re-
searchers should take the age of the children into account and try to
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include studies where the children are close in age. This will also allow
for a more precise implementation of conservation measures.

There is an old saying in China: better safe than sorry. Given the
possibility of epidemiological evidence that may link exposure to
ambient air pollution in children to poor health, the precautionary
principle needs to be considered, which states that “Precautions should
be taken when an activity presents hazards to the environment or human
health, despite the fact that certain cause-and-effect relationships are
not fully established by science” (Hooper and She, 2003). The preven-
tive measures to reduce threats are significant for air pollution since it
frequently exhibits persistent positive connections with adverse health
outcomes, notwithstanding the difficulties in proving causation with
certainty. Healthcare professionals are better placed to inform children
and their parents about the potential hazards of exposure to ambient air
pollution and the need for targeted preventive action, such as reducing
outside activities, wearing particle filters or masks in places with low air
quality, and adopting air quality when choosing a residential location.
Despite the fact that WHO air quality guidelines have established
maximum levels for air pollutants, it does not appear that these levels
are sufficient to ensure that infants are protected from air pollutants, so
it is of benefit to present and future generations to reduce the maximum
levels in the future.

5. Conclusions

This comprehensive umbrella review shows that children who are
exposed to air pollution are at greater risk of developing leukemia,
allergic rhinitis, pneumonia, asthma, and autism spectrum disorders, as
well as significant associations with child mortality, hypertension, otitis
media, obesity, and eczema. This comprehensive umbrella review
highlights the development and implementation of preventive measures
to reduce global air pollution alert levels. Future studies should consider
the health effects of exposure to air pollution in children at different
ages.
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