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Abstract

Background: Globally, observational studies have demonstrated an association

between high levels of air pollution and asthma attacks in children. It remains unclear

whether and to what extent exposure may be associated with increased near‐fatal/

fatal attacks.

Objective: To systematically review the evidence for an association between

ambient outdoor air pollution and fatal and/or near‐fatal asthma (NFA).

Methods: Following Cochrane methodology, we searched MEDLINE, EMBASE, Web

of Science, Scopus, and Open Grey electronic databases for studies reporting the

association of fatal/NFA and air pollution (particulate matter [PM], sulfur dioxide,

nitrogen dioxide, black carbon and ozone [O3]) in children. NFA was defined as

requiring intensive care unit (ICU) management.

Results: Two reviewers independently screened 1358 papers. A total of 276 studies

identified asthma attacks related to air pollution, 272 did not meet inclusion criteria

after full‐text review. Four observational studies described fatal/NFA, of which three

addressed NFA. PM2.5 (per 12.5 µg/m3 increase) and O3 (per 22 ppb increase) were

associated with NFA in one study (PM2.5, relative risk: 1.26, confidence interval [CI]

[1.10–1.44]), O3 (1.19 [1.01–1.40]). PM10 was associated with ICU admission in the

context of thunderstorm asthma. Elemental carbon was associated equally with NFA

that did not require an ICU admission (p = 0.67). Studies of fatal asthma including

children did not demarcate age within the analysis.

Conclusions: Ozone and PM2.5 have been associated with NFA in children but

synthesis is limited by the paucity of studies and methodological heterogeneity. Poor

reporting of severities of asthma attacks hinders the assessment of whether outdoor

air pollution is associated with an increased number of NFA/fatal attacks in children.
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1 | INTRODUCTION

Asthma affects over 300 million people globally. An asthma

attack occurs when a trigger such as a virus, airborne allergens or

air pollution causes an inflammatory response resulting in

bronchoconstriction of small airways. Asthma attacks range in

severity from mild to fatal. Between 2001 and 2011, there were

13,749 deaths attributed to asthma in the United Kingdom, 265

of which were in children.1

There is an significant body of evidence examining the relation-

ship between air pollution and respiratory health. Air pollution has

been associated with recurrent respiratory infections,2,3 reduced lung

function in childhood2 and a higher frequency of childhood asthma

following exposure in early infancy.3–5 Compared to adults, the

impact of air pollution in children is considered greater for several

reasons: (1) smaller airway diameter leading to higher propensity for

airway blockage from larger particulate matter (PM),6 (2) length of

time in playgrounds and outdoor activities is likely to be greater,5 (3)

increased respiratory rate and preferential mouth breathing result in

greater inhalation and deposition of pollutants,7,8 and (4) developing

lungs are more sensitive to chemical and oxidative stress.9

Air pollution is an umbrella term for chemicals and particles

which contaminant the atmosphere,10 some of which can cause

harm when inhaled. Common components of outdoor air pollu-

tion include waste products of industrial combustion and PM from

industry and natural sources. The World Health Organization

(WHO) recognizes PM, sulfur dioxide (SO2), nitrogen dioxide

(NO2), carbon monoxide (CO), and ozone (O3) as the most

significant outdoor air pollutants negatively impacting health.11

Sulfur dioxide is produced from crude oil and coal combustion.12

Nitrogen dioxide is derived from exhaust and car/vehicle fumes.

PM can be any airborne particulate of a measured diameter

(micrometers) and consists of primary and secondary compo-

nents. Primary components include sea salt, elemental or black

carbon, trace metals and mineral components,13 secondary

components include sulphate, nitrate, water, and organic

carbon.13 PM is further categorized by diameter size, separated

into PM ≤ 2.5, PM2.5, and PM10.

Air pollutants are suspected to contribute to asthma symptoms in

different ways. Larger particles can physically obstruct and aggravate

airways at bronchiole level while smaller particles (PM2.5 and

PM < 2.5) are able to enter the bloodstream across the alveolar‐

capillary membrane6 and can trigger an inflammatory cascade

resulting in acute bronchospasm.6 Possible mechanisms have also

been suggested describing the causation of asthma from air pollution

including oxidative stress, airway wall remodeling, upregulation of

inflammatory pathways, and enhancing respiratory senitization to

allergens.14,15

Our aim was to perform a systematic review to determine if

severe near‐fatal asthma (NFA) and fatal asthma attacks are

associated with outdoor air pollution in children and young

people.

2 | METHODS

This systematic review was registered on PROSPERO (CRD420223-

17704) and Preferred Reporting Items for Systematic Review and

Meta‐analysis Protocol (Supporting Information: Table S1) completed

according to Cochrane methodology.16

2.1 | Information sources and search strategy

Electronic databases were accessed on 8 November 2022. MEDLINE

and EMBASE (via OVID), Scopus, Web of Science, Central, and Open

Grey were searched for relevant articles. Forward and backward

citation searching was carried out. Existing terms describing severe

asthma attacks ‘critical asthma’ and ‘status asthmaticus’ were

included in the search strategy. We recognize that patients

presenting to front‐line services (general practitioner, emergency

department) or hospital admission may present with milder symp-

toms which deteriorate to require intensive care or result in a fatal

attack. To ensure all attacks of interest were captured, search terms

were broad (Supporting Information: Table S2) to encompass all

severity and presentations of acute attacks in children related to air

pollution.

2.2 | Study selection and inclusion criteria

The primary outcome was the association of near‐fatal and fatal

attacks with air pollution exposure. Cohort, case‐crossover, and

case‐control studies were included. To examine the literature for

acute asthma attacks, children and young people presenting with,

or receiving treatment for an asthma attack were included. An

age range of 2–18 years was selected to exclude patients with

other wheezing illness such as bronchiolitis. Papers which

included adults but had clearly demarcated the relevant pediatric

age group in the analysis were included. Air pollutants based on

WHO highlighted outdoor air pollutants11 (CO, NO2, SO2, PM

[any size], O3), and additionally, black carbon and benzene were

examined. Indoor air pollution exposure was excluded. Long‐term

and short‐term air pollution exposure was included if the

outcome was an acute asthma attack in any healthcare setting.

Extreme weather events examining the relevant air pollutants

were included. The language was restricted to English and

translated English studies (Table 1—inclusion–exclusion criteria).

We relied on the author's description of asthma attacks, authors

were contacted if attacks were described as “severe” or “near

fatal” without definition. As the terminology for NFA attacks is

inconsistent in the literature, the full text of all remaining studies

was reviewed for near‐fatal and fatal attacks to identify studies

for analysis. For the purpose of this review, near‐fatal attacks are

defined as the management of an acute asthma attack in an

intensive care/critical care setting.
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2.3 | Data extraction

Results were screened using the Covidence online platform (Covidence

systematic review software, Veritas Health Innovation, Melbourne,

Australia. Available at www.covidence.org). Once duplicates were

removed, two reviewers (D. V. and K. F.) independently screened the

title and abstracts to identify studies reporting air pollution and acute

asthma exacerbations in children. Any conflicts that could not be resolved

by discussion were screened by a third reviewer (B. L.).

2.4 | Quality assessment and bias

To assess study bias, an adapted quality scale used by

Mustafić et al. for the assessment of air pollutants' impact on

myocardial infarction was used.17 This tool evaluated three

components (the validation of MI occurrence [0–1 point], the

quality of air pollutant measurements [0–1 point], and the extent

of adjustment for confounders [0–3 points]). We have adapted

this to review NFA and fatal asthma attacks for the purpose of

this review. We have chosen to define an NFA attack as intensive

care admission however to reflect and acknowledge that criteria

for intensive care admission may vary depending on each

hospital, 1 point was awarded if indication for intensive care

admission was stated and included the escalation of management

to invasive ventilation. A fatal attack was awarded 1 point if

the cause of death was registered as asthma. Air quality

measurements and extend of confounders (0–3 points) were

awarded 0–1 point as per similar criteria set out by Mustafić

et al.17 (Table 3)

TABLE 1 Inclusion and exclusion criteria.

Inclusion Exclusion

Population Population

o Children aged 2–18 years treated for an exacerbation of asthma
o Studies including adults up to the age of 25 if relevant pediatric population

(2–18 years) included
o Studies including pediatric deaths (age 2–18 years) where asthma identified

as cause of death or contributed to death

o Children <2 years where no definitive asthma treatment defined
o Children treated for other respiratory illness including

bronchiolitis, bronchiectasis, recurrent respiratory infection
o Adults >18 years with occupational wheeze not related to air

pollution
o Chronic obstructive pulmonary disease

Intervention Intervention

o Studies must include measurement or measured exposure to of one of the
following:Particulate matter (PM), PM2.5 PM10, fine PM, coarse PM,

ultrafine PM, ozone (O3), sulfur dioxide (SO2), nitrogen dioxide (NO2),
carbon monoxide (CO), benzene, black carbon

o Indoor air pollution exposure
o Animal models/studies

o Extreme weather related outdoor air pollution if resulting in
increased particulate matter (any size)

Comparison Comparison

o Control group in defined geographical areas of low levels of outdoor air
pollution

o Control group observed over specified time period with low levels outdoor

air pollution
o Control group from population with measured minimal exposure to high

levels of outdoor air pollution

o For randomized control trials no clear control group without
measured/defined area of low level or no outdoor air pollution

Outcome Outcome

o Fatal or near‐fatal asthma exacerbation
o Intensive care management of acute asthma attack
o Primary care review, hospital or emergency call out or attendance requiring

escalation intensive care or invasive ventilation, resuscitation or fatal attack

o Subsequent development of asthma postexposure
o Asthma exacerbations not related to acute exposure
o Escalation in chronic asthma treatment postexposure to high

levels of outdoor air pollution

Study design o Editorials, letters to editor
o Review articles
o Opinion pieces

o Randomized control trials
o Case control studies
o Case cross over trials
o Cohort studies
o Grey literature

Language

o Published studies in English language
o Translated into studies with asthma, wheeze and severity of attack clearly

defined

VARGHESE ET AL. | 3

 10990496, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ppul.26932 by T

est, W
iley O

nline L
ibrary on [15/03/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://www.covidence.org


3 | RESULTS

After duplicates were removed, 1358 studies were screened for

relevant air pollutants and asthma attacks in children, of which 276

studies met the criteria for a full‐text manual review. The majority of

studies were excluded (n = 217 of 272, 80%) because the severity of

asthma attack was not clinically described and could not be

determined to the granularity of NFA (intensive care admission) or

fatal asthma attack (Table 2). Four studies identified cases of fatal and

NFA in children (see Figure 1). Three studies addressed NFA attacks

(defined as intensive care management) and one study presented a

case series of fatal and near‐fatal attacks in the event of

TABLE 2 Excluded papers.

Reason for exclusion after full text review Number of papers

Did not identify a fatal or near‐fatal asthma attack 232

Incorrect outcome (acute asthma attack not addressed) 14

Publication not translated to English 9

Adult population (children not demarcated in analysis) 10

Incorrect intervention (outdoor air pollutant exposure not addressed) 6

Unable to obtain full text (abstract only) 1

Total 272

Papers excluded as severity not defined Number Percentage of excluded papers, %

Severity addressed but fatal/near‐fatal attack not included 15/232 6

Use of ICD code or severity not defined (inc systematic reviews) 217/232 94

Abbreviation: ICD, International Classification of Disease.

F IGURE 1 Preferred Reporting Items for Systematic Review and Meta‐analysis Protocol results. Adapted from: Page et al.21 [Color figure
can be viewed at wileyonlinelibrary.com]
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thunderstorm asthma. Although three studies identified intensive

care admissions for NFA, only one study18 was found to examine air

pollutants as an exposure. The other two studies19,20 identified

included air pollutants as part of a wider analysis of social deprivation

and asthma admissions to intensive care. All identified studies were

observational. Using the modified scoring from Mustafic et al.,17 the

quality of studies assessed can be viewed inTable 4. Studies scoring 3

in any category were deemed of high quality, low quality if 0 in two

categories, and intermediate for any other score (see Table 3).

3.1 | Near Fatal Asthma attacks

The only study that focussed on the impact of air pollutants and NFA,18

reported intensive care unit (ICU) asthma admissions between April and

August in relation to two air pollutants, ozone and PM2.5 (see Table 4).

Over a 7 year period, 74 hospitals were included in the study, with

participants included if a diagnosis of asthma was coded on hospitaliza-

tion and coded as having an ICU admission or intubation or ventilation.

Air pollution data was gathered from national data22 (Table 5). Pollution

data was adjusted for weather (humidity and temperature) and seasonal

temporal trends. The study found the relative risk of ICU admission per

interquartile increment of PM2.5 (12 µg/m3) and ozone (22 ppb) was

more significant in children aged 6–18 years compared to adults (PM2.5

relative risk [RR] = 1.26 [confidence interval: 1.10–1.44] and ozone

RR= 1.19 [1.01–1.40]). This risk of ICU admission was noted at an

average lag of 0 and 1 day18 suggesting increased risk with short‐term

exposure. Long‐term exposure (>7 days) was not examined by this

study.

McDowell et al.19 and Grunwell et al.20 both examined air

pollution within the analysis of social deprivation. As such, relative

risk was not calculated for specific air pollutants.

McDowell et al.19 examined Elemental Carbon Attributed to Traffic

(ECAT) measured using land use regression models from Cincinnati

Children's Allergy and Air Pollution Study. They observed no difference

between ICU admission and non‐ICU group admission (p = 0.67) in

ECAT levels above the median (values not stated).19 Grunwell et al.20

identified NFA from hospital electronic records in children admitted to

pediatric ICU. Records were examined for a diagnosis of “status

asthmaticus.” Air pollutants were not separated for the analysis, air

pollution data were combined with measures for education, health and

environment, and social and economic factors to create a Childhood

Opportunity Index (COI) as a marker of social vulnerability. The COI

data on air pollution was obtained from the Centres for Disease Control

and Prevention using modeled data from 2010 to 2014.25,26 Levels of

ozone and PM2.5 were similar in both groups.20

3.2 | Weather events

Darvall et al.23 describe two pediatric cases requiring ICU admissions

for asthma in a case series of 35 adult and pediatric patients exposed

to elevated PM2.5 and PM10 after a thunderstorm in 2016.23 This

was the largest event of thunderstorm asthma that has been

described globally. This unique event resulted in 3460 patients

seeking medical consultations and resulted in 9 deaths. Confounding

factors including humidity and baseline medication use were

considered. The study noted elevated levels of PM10 (µg/m3)

> 97th percentile for a month and airborne grass pollen ≥ 100

grains/m3. These levels however had been previously documented

on other dates within the same year. Pediatric cases were not

separated in the analysis.

3.3 | Fatal attacks

Fatal attacks were described by three papers assessed for eligibility

by full‐text review. Each paper included all age ranges, children were

TABLE 3 Modified validity score.17

0 1 2 3

Definition of near‐fatal
asthma/fatal
asthma (0–1)

0 points if ICU

admission criteria
were not defined by
invasive ventilation

1 point was awarded if the indication for

intensive care admission was stated
and included the escalation of
management to invasive ventilation

1‐point fatal attack was awarded 1
point if the cause of death was

registered as asthma

Air pollutant
measurements

0 points if measurement
frequency was not

stated or if >25% of
data missing

1 point if measurement frequency was
stated and <25% of data missing

Adjustment of
cofounders

0 points if no
adjustment is made

for long‐term trends
or seasonality or
temperature

1 point if only these <3 adjustments
have been made

2 points if additional
adjustment was made,

either for humidity or
weather event

3 points if adjustment
had been made for

seasonal viral
infection, atopy,
familial smoking
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not demarcated in analysis or reporting. All corresponding authors

were contacted to ascertain if analysis on pediatric age could be

attempted. None of the contacted authors responded.

3.4 | Air pollutants

Researchers used inconsistent average time periods for the assess-

ment of air pollution data across the studies (see Table 5). Exposure

periods/lag times were not given for two of the studies addressing

near‐fatal attacks.19,20 Grunwell et al.20 used modeled data which is

commonly used in the assessment of air pollution levels, was historical

data from 2010, 2011, and 2014 (study period 2015–2019).

The most commonly studied air pollutants were ozone and

PM2.5. No included studies assessed NO2 or SO2 or considered

these or other air pollutants in a combined multipollutant impact.

Nitrogen dioxide and sulfur dioxide were included in studies of fatal

asthma, though data for children could not be extracted as age‐

related reporting was not provided or available via authors.27

3.5 | Ages

All three near‐fatal studies18–20 included children aged 5–18 years

(Table 4). McDowell et al.19 also included children <5 years without

stratifying age groups and as a result children with other similar

wheezing conditions such as bronchiolitis may have been included in

their analysis.

3.6 | Heterogeneity of studies

The small number of heterogeneous studies precluded statistical

synthesis and limited reporting to a description of the studies. There

was a high degree of clinical heterogeneity as a result of differing

methodologies (Table 4). The heterogeneity of the study design did

not allow a meta‐analysis to be performed, limiting any conclusions

that could be drawn from the studies identified. Studies were

observational and measurement of pollution exposure differed

greatly from study to study. Without specified time periods for

exposure related to the asthma attack and consistent control groups

in all studies, estimation of exposure effect was not possible. Study

heterogeneity in observational studies examining air pollution may be

expected due to the range of possible study designs and differing

methods of measuring air pollutants (dependent on local monitoring

stations).28

3.7 | Defining the severity of attacks

This review has identified that while there is a substantial evidence

base considering the association of an asthma attack and air pollution

in children (n = 232 of 272 excluded—see Figure 1), the evidence

considering the severity of asthma attack in relation to air pollution is

far more limited (n = 4). Of the 232 papers excluded, 217 had not

specified whether a near‐fatal or fatal attack occurred (see Table 2).

Papers frequently addressed “hospital attendance,” “emergency

visit,” or “hospital admission” but did not specify if these events

resulted in a fatal or near‐fatal attack. Children presenting to hospital

with acute asthma can present with mild, moderate, severe or near‐

fatal/fatal episodes and very few papers (n = 15, see Table 2) defined

this. Within the 217 that did not define severity, 147 used the

International Classification of Diseases code “asthma” to identify

presentations and patients (see Table 2).

4 | DISCUSSION

4.1 | Principal findings

One of the key findings in this review is the almost absent reporting

of the degree of attack severity in patients admitted to the hospital

with an asthma attack (n = 217 of excluded papers—see Table 2).

Consequently, near‐fatal and fatal attacks may have occurred but

were not reported. Without this key information, conclusions on the

severity of asthma attacks related to air pollution in children admitted

to hospitals are not possible. While many studies demonstrated an

increase in the number of presentations with an acute attack, without

quantifying the severity it is not possible to determine if more severe

attacks are proportionally increased in association with high levels of

outdoor air pollution. Potential reasons for the exclusion of these

data may include (1) NFA and fatal asthma attacks are infrequent, (2)

the use of diagnostic coding to identify attacks which limits the ability

to identify the severity in those admitted to the hospital. The use of

diagnostic codes allows the identification of cases but loses details

such as severity.

4.2 | Common themes

4.2.1 | Social deprivation

A common theme in the two papers addressing NFA was the

relationship between air pollution and social deprivation. McDowell

et al.19 and Grunwell et al.20 both examined air pollution as part of

environmental exposures related to socioeconomic status. Air

pollution exposure was not a primary exposure in either study. As a

result, neither study presented lag times or comparative periods of air

pollution levels. This explains our inability to draw conclusions on the

specific impact of air pollution on asthma from these two studies.

Previous reports from the United Kingdom have shown a correlation

between ICU admissions and deprivation,29 highlighting the need for

further research exploring the interrelationship between deprivation

and air pollution.
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4.2.2 | Air pollutants

In studies reporting a relationship between air pollutants to the

severity of asthma attacks, there was varied reporting of pollutants,

with ozone and PM being the most commonly reported. Standardized

reporting of the air pollutants measured, duration of measured

exposure (lag time), and average value (annual or 24 h) and consistent

reporting of the spread of the air pollution data in future studies

would allow better synthesis of data. The use of retrospective air

pollution data has benefits as is often readily available; however, it

could be considered as a limitation when applied to an acute asthma

attack which is likely to be attributed to air pollution levels in the days

leading up to the acute attack.

Without experimental conditions, the individual impact of singular air

pollutants is difficult to determine. The combined effect of multiple air

pollutants should be acknowledged and considered when interpreting the

effect of air pollution on asthma attacks. For example, PM can be

generated from road vehicle tyres in addition to vehicle fuel combustion

waste products such as NO2. Both are associated with asthma attacks in

children. Examining one or another in isolation in relation to an acute

asthma attack should acknowledge the potential impact of multiple air

pollutants. Similarly, the relationship between airborne allergens as

potential contributing factors for asthma attack triggers asthma attacks

should also be considered. High pollen counts have been associated with

weather phenomenon such as thunderstorms which as shown by Darvall

et al.23 also generate high levels of PM. Separate analysis of individual

pollutants may misrepresent any cumulative effect of exposure.

4.2.3 | Exposure duration

The relationship between acute exposure and attacks was demon-

strated by the significant weather event observed by Darvall et al.23

and Silverman et al.18 None of the studies commented on long‐term

exposure to air pollution. This is more challenging to quantify in the

context of acute attacks. Antenatal, early childhood and infancy

exposure to air pollution is associated with an increased asthma

prevalence.2,30,31 Long ‐term exposure subsequently raises the

questions of ‘how often?’ and ‘how long’ was an individual exposed.

This can only be truly measured with individual exposure time and

must consider cofounding factors such as weather, baseline asthma

symptoms and intercurrent viral illness. While cohort studies assume

individual exposure to outdoor air pollutants in the days/weeks leading

up to the event, true exposure cannot be measured accurately without

personal measurement devices.32,33 Though it may be useful to

estimate individual air pollution exposure, it is not pragmatic or

practical in NFA or fatal asthma as such events are difficult to predict.

4.3 | Limitations of the study

There were several limitations to our review. A very small number of

papers met our inclusion criteria. Widening the age criteria to include

adults may have resulted in a larger number of included studies but

would not have answered our research question which focussed on

children. Interpreting the resulting data would be unreliable as

children are considered to be more sensitive to air pollutants. We

therefore considered inappropriate to measure impact across all ages.

Many studies undergoing full‐text review described an admission

to the hospital as “moderate” or “severe” asthma attack. These

nonstandardized descriptions will not, in the majority of cases, equate

to a NFA attack. “Status asthmaticus” and “critical asthma,” included

within our search terms have inconsistent definitions from a

physiological and/or clinical perspective and so are unreliable. To

differentiate NFA in this review, intensive care admission was used as

a proxy marker of NFA attack. Although this creates a clear definition

point, we are aware that using intensive care admission as a marker

may have excluded cases that were not managed in intensive care

due to resource or/and geographical limitations. In addition,

individual units may have different thresholds for admission. This

may have reduced the number of papers identified.

Although social deprivation was addressed as a common theme

in two of the identified studies, all of the studies were conducted in

high‐income countries. Of those papers manually screened for near‐

fatal and fatal events, 188 of the 272 papers screened were from

high‐income countries. This should be considered when addressing

the impact of air pollution on fatal and NFA worldwide.

This review did not comment on the role of indoor air pollutants

on asthma attacks however this is a key aspect to consider when

evaluating environmental exposures. This has been shown to be

particularly relevant in low to middle‐income countries where indoor

air pollutant sources such as cooking stoves have been associated

with poor respiratory health.34

For the purpose of this review, the validity of the studies was

assessed using a modified assessment proposed by Mustafic et al.17

This was further modified to provide a relevant and structured

approach to bias assessment for this paper however is not formally

validated and is a limitation of this review.

4.4 | Meaning of the study: Possible implications

The association of air pollution with the severity of asthma attacks in

children requires further research and vitally, quantification of the

association. There is now a growing body of evidence associating air

pollution and asthma presentations in children35 and a landmark case

in the United Kingdom has now reported that air pollution was a

primary factor in the death of a child with a fatal asthma attack.36

This systematic review supports the need for additional data

considering whether air pollution may increase the risk of asthma

attack severity and possible death from asthma. To ensure clear

conclusions can be examined regarding air pollution data in children

and young people experiencing NFA and fatal asthma attacks in real‐

time, datasets with clearly defined pollutant and multipollutant

models with adjustments for confounding variables and identifiable

air pollution exposure time periods are required.
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Such data could provide impetus to the need for cleaner air to

improve children's health outcomes, as has been highlighted as a

priority in environmental policies in the United Kingdom.37

5 | CONCLUSION

The small number of available studies suggests that outdoor air

pollution (specifically ozone and PM2.5) may be associated with NFA.

These studies add to the consistent evidence that air pollution is

contributing to asthma attacks and its prevalence in children. Clearly

defined clinical severity of asthma attacks reported in associated with

air pollution should be reported in future studies, to enable the

identification of fatal and near‐fatal attacks.
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