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Background: Asthma can be exacerbated by many triggers, and the heterogeneity
of asthma triggers is clear among children with asthma. This study describes asthma
triggers using a large-scale electronic dataset from the smartphone-based Chinese
Children’s Asthma Action Plan (CCAAP) app and aims to examine the difference in
asthma triggers among different subgroups of children with asthma.

Methods: Data from the smartphone-based CCAAP app between February 22, 2017,
and November 23, 2020, were reviewed, and children with asthma who reported their
asthma triggers were enrolled. Eight common asthma triggers were listed in the software:
upper respiratory infection (URI), allergen sensitization, exercise, emotional disturbances,
pungent odors, air pollution/smog, weather change, and tobacco smoke. We compared
the incidence of asthma triggers among different subgroups (<6 years vs. 6-17 years;
boy vs. girl; eastern region vs. central region vs. western region).

Results: We enrolled 6,835 patients with self-reported asthma triggers. When compared
by sex, boys had a higher proportion of exercise-triggered asthma than girls (boys
vs. girls, 22.5 vs. 19.7%, p < 0.05). The proportion of patients <6 years of age with
URI-triggered asthma was higher than that of patients 6-17 years of age (<6 vs. 6-17
years, 80.9 vs. 74.9%, p < 0.001). Patients 6-17 years of age were more likely than
patients <6 years of age to report five of the asthma triggers: allergen sensitization
(<6 vs. 6-17 years, 26.6 vs. 35.8%, p < 0.001), exercise (<6 vs. 6-17 years, 19.3
vs. 23.7%, p < 0.001), pungent odors (<6 vs. 6-17 years, 8.8 vs. 12.7%, p < 0.001),
air pollution/smog (<6 vs. 6-17 years, 9.4 vs. 16.2%, p < 0.001), and tobacco smoke
(<6 vs. 6-17 years, 3.5 vs. 5.3%, p < 0.001). In subgroups based on geographical
distribution, asthma triggering of allergen sensitization was reported to be the most
common in patients from the eastern region (eastern region vs. central region vs. western
region, 35.0 vs. 24.6 vs. 28.0%, p < 0.001). Exercise-triggered asthma was found to be
the most prevalent among patients from the central region (eastern region vs. central
region vs. western region, 21.6 vs. 24.8 vs. 20.4%, p < 0.05). However, the proportion
of patients with air pollution/smog as an asthma trigger was the lowest among those
from the western region (eastern region vs. central region vs. western region, 14.1 vs.
14.1 vs. 10.8%, p < 0.05).
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Conclusion:

Children with asthma present different types of asthma triggers, both

allergenic and nonallergenic. Age, sex, and geographical distribution affect specific
asthma triggers. Preventive measures can be implemented based on a patient’s specific

asthma trigger.

Keywords: asthma trigger, asthma, children, age, sex, geographical distribution

BACKGROUND

More than 334 million people of all ages suffer from asthma
worldwide (1). It is predicted that by 2025, the number of
patients with asthma will increase by another 100 million (2).
Asthma is the most frequent chronic disease in children. The
goals of asthma management are to achieve good symptom
control and to reduce the risk for asthma exacerbation (3).
Asthma exacerbation not only seriously affects the quality of
life of children with asthma but also places a great burden on
families and society (4). Asthma triggers are the factors that lead
to asthma exacerbations. To improve the control of asthma in
children, it is necessary to analyze the characteristics of asthma
triggers. A variety of asthma triggers have been found thus far,
such as infections, exercise, allergens, environmental factors, and
emotions (5). To further reduce asthma exacerbation, it is of
great significance to understand the characteristics of asthma
triggers and to formulate corresponding preventive measures
(6, 7). Many factors impact asthma triggers, including age, sex,
and geographical distribution differences.

A previous study conducted in the Kunming area in China
reported impacts of age and sex on asthma triggers among
children with asthma (8). However, no nationwide study of
children with asthma in China focused on identifying factors
correlating with asthma triggers. The objective of our study
was to analyze the sex, age, and geographical distribution
differences associated with asthma triggers among children with
asthma in China. Although the geographical environment, ethnic
characteristics, cultural background, and economic conditions
may differ between China and other countries, our findings may
still provide some reference for improving asthma management
in children across different counties.

METHODS
Study Design and Setting

To improve the management of children with asthma in
China, the Chinese Children’s Asthma Action Plan (CCAAP)
was announced in Beijing in 2017. It was formulated by the
China National Respiratory Diseases Clinical Medicine Research
Center, the Respiratory Group of the Pediatric Branch of the
Chinese Medical Association, and the Pediatric Professional
Committee of the Chinese Medical Education Association. The

Abbreviations: AAP, asthma action plan; CCAAP, Chinese Children’s Asthma
Action Plan; URI, upper respiratory infection; RV, rhinovirus; PCV13, 13-
valent pneumococcal conjugate vaccine; PPV23, pneumococcal polysaccharide 23-
valent vaccine; EIB, exercise-induced bronchoconstriction; AH, absolute humidity;
SABA, short-acting Beta2 agonist; ETS, environmental tobacco smoke.

CCAAP, which has a paper version and an electronic version, can
help children with asthma cope with the loss of asthma control.
The smartphone-based CCAAP app was used to help parents
better achieve children’s asthma management in their homes (9)
and could be freely downloaded in China. This is a cross-sectional
study based on smartphone-based CCAAP data.

Doctors from 31 provinces in China used the app for
asthma management among children. Patients can maintain
close contact with their doctors through the app and can send
information to doctors through the app. In our study, 326
doctors maintained close contact with their patients. The doctors
included pediatricians, pediatric respiratory physicians, and
pediatric allergists. When the parents of the patients downloaded
the app, they signed an informed consent form.

Data Source and Extraction

This study analyzed data collected by the smartphone-based
CCAAP app among children with asthma from February
22, 2017, to November 23, 2020. The patients’ demographic
characteristics (year of birth, sex, and geographical distributions)
and other information (asthma triggers, history of inhalant
allergen sensitization) were collected when the patients started

From February 22, 2017 to November 23,2020
Registers in smart-based CCAAP (n=16848)

Excluded children with asthma
aged =18 years (n=1292)

Children with asthma aged 0-17 years (n=15556)

Excluded lack of demographic data

(n=6588)

Children with asthma remained (n=8968)

Excluded no recorded asthma trigger
(n=2133)

Complete data (n=6835)

FIGURE 1 | Study population flow chart (n, number; CCAAP, China Children’s
Asthma Action Plan).
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to use the app. The inclusion criteria were as follows: (1)
only questionnaires answered completely concerning age, sex,
geographical distributions, and asthma triggers were considered
appropriate for the study; (2) only children with asthma aged
0-17 years were included.

Subgroups

Subgroup analyses of asthma triggers were conducted by age,
sex, and geographical distribution. Age classification of patients
was based on whether they were younger than 6 years old.
All patients were divided into a <6-year group and a 6-17-
year group. The sex subgrouping was based on boy and girl.
According to the principle of combining the level of economic
and technological development with geographical distributions
in China, the geographical distribution subgroups consisted of
the western region, the central region, and the eastern region.

TABLE 1 | Patient baseline characteristics.

Factors N (%) Mean =+ SD (years)
Age

All participants 6,835 6.7 £3.2

<6 years 3,277 (47.9%) 42+14
6-17 years 3,558 (52.1%) 9.1+23

Sex 6,835

Boy 4,613 (67.5%)

Girl 2,222 (32.5%)

Geographical distribution # 6,835
3,696 (54.1%)
789 (11.5%)
2350 (34.4%)

5,011*

Eastern region

Central region

Western region

History of inhalant allergen sensitization

Dust mites 3,402 (67.9%)
Mold 1,072 (21.4%)
Cockroaches 286 (5.7%)
Pets 746 (14.9%)
Spring pollen 1,020 (20.4%)

Autumn pollen 930 (18.6%)
6,835
3,143 (46.0%)
1,578 (23.1%)
1,212 (17.7%)
507 (7.4%)

395 (5.8%)

The number of asthma triggers
One asthma trigger

Two asthma triggers

Three asthma triggers

Four asthma triggers

Five or more asthma triggers

*The total number of participants is 6,835 among them 5,011 participants that had
reported history of inhalant allergen sensitization.

# Eastern region: Fujian (n = 1119), Shandong (n = 630), Beijjing (n = 575), Hebei
(n =401), Tianjin (n = 388), Liaoning (n = 273), Guangxi (n = 270), Guangdong (n = 98),
Jiangsu (n = 78), Shanghai (n = 67), Zhejiang (n = 49), and Hainan (n = 18).

Central region: Inner Mongolia (n = 244), Shaanxi (n = 178), Hunan (n = 145), Henan
(n = 141), Jiangxi (n = 127), Anhui (n = 88), Hubei (n = 74), Heilongjiang (n = 26), and
Jilin (n = 10).

Western region: Shaanxi (n = 824), Chongqing (n = 231), Yunnan (n = 216), Guizhou
(n = 198), Xinjiang (n = 153), Sichuan (n = 77), Gansu (n = 64), Qinghai (n = 39), Ningxia
(n =32), and Tibet (n = 2).

Perceived Asthma Triggers and Allergens
When patients registered in the app, they needed to report
whether asthma attacks had previously been triggered by any
of the following eight factors: upper respiratory infection (URI),
allergen sensitization, exercise, emotional disturbances, pungent
odors, air pollution/smog, weather change, and tobacco smoke.
Data regarding the history of inhalant allergen sensitization
were collected. Specifically, inhalant allergens included mites,
mold, cockroaches, pets, spring pollen, and autumn pollen.

Statistics

Quantitative data are presented as the mean and SD. Frequency
and percentage are used to represent categorical data. The chi-
square test was to compare categorical clinical variables. p < 0.05
were considered statistically significant. Data were analyzed using
SPSS 25.0 (SPSS Inc., USA).

RESULTS

Baseline Characteristics

From February 22, 2017, to November 23, 2020, 16,848
children with asthma used the smartphone-based CCAAP app.
We excluded 1,292 patients aged >18 years. In addition,
8,721 patients with incomplete data on age, sex, geographical
distribution, and asthma triggers were also excluded. In total,

TABLE 2 | Age distribution by asthma trigger.

Factors N (%) (N =6,835) <6years 6-17years Mean age (years)
URI

Yes 5,316 (77.8%) 42+14 9.0+23 6.6 £ 3.1
No 1,619 (22.2%) 42+14 9.56+25 7.3+£3.3
Allergen sensitization

Yes 2,145 (31.4%) 44+14 9.4+24 7.3+3.2
No 4,690 (68.6%) 41 +14 9.0+23 6.5 £ 3.1
Exercise

Yes 1,473 (21.6%) 45+14 94+£25 7.3+£32
No 5,362 (78.4%) 41+14 9.0+23 6.6 + 3.1
Emotional disturbances

Yes 390 (5.7%) 4.4+14 93+26 6.8 +3.2
No 6,445 (94.3%) 42+14 9.1+2383 6.7 £ 3.2
Pungent odors

Yes 741 (10.8%) 44+14 9.6 +26 7.5+33
No 6,094 (89.2%) 42414 91423 6.7 + 3.1
Air pollution/smog

Yes 885 (12.9%) 4.7 +14 94+24 7.8+3.1
No 5,950 (87.1%) 41+14 9.1+2383 6.6 £ 3.1
Weather change

Yes 2,462 (36.0%) 43+14 92+23 6.9 + 3.1
No 4,373 (64.0%) 41+14 91+24 6.7 £3.2
Tobacco smoke

Yes 303 (4.4%) 43+16 99+26 78+35
No 6,532 (95.6%) 42+14 91+23 6.7 + 3.1
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6,835 patients were included. Figurel shows the patient
screening procedure.

Table 1 provides the baseline characteristics of the patients.
The mean age of all patients was 6.7 years. Boys comprised the
majority of the patients (67.5%). Most patients were from the
eastern region in China, accounting for 54.1% of the patient
sample.

Table 2 shows the mean age of patients by asthma trigger. The
mean age of children across all asthma triggers in the <6-year-
old group was approximately 4 years old. In the 6-17-year-old
group, the mean age of children with different asthma triggers
was approximately 9 years old. There were 2,145 patients with
the asthma trigger of allergen sensitization, and among them,
2,090 patients reported the type of inhalant allergen sensitization
(Figure 2).

Asthma Trigger Distribution Across
Subgroups

Figure 3 and Table 3 describe the distributions of asthma triggers
by subgroup. Patients with exercise-triggered asthma showed sex
differences. The total percentage of patients reporting exercise-
triggered asthma was 21.6%. Boys had a higher rate of exercise-
triggered asthma when compared with girls (boys vs. girls, 22.5
vs. 19.7%, p < 0.05). However, no sex differences were found
when examining other asthma triggers.

The proportion of patients with asthma triggered by URI in
the <6-year-old group was higher than that among patients in
the 6- to 17-year-old group (80.9 vs. 74.9%, p < 0.001). For five
asthma triggers, the percentage of patients reporting them was
higher in the 6- to 17-year-old group than in the <6-year-old
group: allergen sensitization (<6 vs. 6-17 years, 26.6 vs. 35.8%,
p < 0.001), exercise (19.3 vs. 23.7%, p < 0.001), pungent odors
(<6 vs. 6-17 years, 8.8 vs. 12.7%, p < 0.001), air pollution/smog
(<6vs.6-17 years, 9.4% vs. 16.2%, p < 0.001), and tobacco smoke
(<6 vs. 6-17 years, 3.5% vs. 5.3%, p < 0.001).

When examining geographical distribution, allergen
sensitization was reported to be the most common asthma
trigger in patients from the eastern region (eastern region
vs. central region vs. western region, 35.0 vs. 24.6 vs. 28.0%,
p < 0.001). Exercise as an asthma trigger was found to be the
highest in patients from the central region (eastern region
vs. central region vs. western region, 21.6 vs. 24.8 vs. 20.4%,
p < 0.05). However, air pollution/smog as an asthma trigger was
the lowest in the patients from the western region (eastern region
vs. central region vs. western region, 14.1 vs. 14.1 vs. 10.8%,
p < 0.05).

DISCUSSION

This study analyzed the distribution of several asthma triggers
according to age, sex, and geographical distribution and
found sex differences only in patients with exercise-triggered
asthma. The proportion of patients with asthma triggered by
URI was higher among patients <6 years old than among
those 6-17 years old. By contrast, five other asthma triggers
were more prevalent in the 6-17-year-old group than in the
<6-year-old group: asthma triggers of allergen sensitization,
exercise, pungent odors, air pollution/smog, and tobacco smoke.
Allergen sensitization was reported more often in patients
from the eastern region than in the other two regions.
Exercise as an asthma trigger was reported more often in
patients from the central region. Air pollution/smog as an
asthma trigger was found less often among patients from
the western region than among those in the other two
regions. Based on the characteristics of different asthma triggers
in children with asthma, corresponding prevention strategies
are needed.

URI

In the present study, URI was the most frequently reported
asthma trigger among patients. This finding supports previous

Cockroaches = 134
Pets - 363
Mold - 489
Spring pollen {402
Autumn pollen = 505

History of Inhalant Allergens

Dust mites - 1<

mm  Dust mites Autumn pollen
Mold

Cockroaches

== Spring pollen
Pets

T T
0 500

1000

Number

FIGURE 2 | History of inhalant allergens sensitization distribution in patients with asthma trigger of allergen sensitization.

T 1
1500 2000
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6,0007
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FIGURE 3 | The proportion of different asthma triggers according to sex, age, and geographical distributions. Patients were divided into a boy group and a girl group
according to sex; patients were divided into a <6-year-old group and a 6- to 17-year-old group according to age; and patients were divided into an eastern region
group, a central region group, and a western region group according to geographical distributions.

TABLE 3 | The distribution of asthma triggers among subgroups.

Total URI Allergen Exercise Emotional Pungent Air Weather Tobacco

number sensitization disturbances odors pollution/smog change smoke
Sex
Boy 4,613 3,597 (78.0%) 1,456 (31.6%) 1,036 (22.5%) 272 (5.9%) 508 (11.0%) 596 (12.9%) 1,692 (36.7%) 207 (4.5%)
Girl 2,222 1,719 (77.4%) 689 (31.0%) 437 (19.7%) 118 (5.3%) 233 (10.5%) 289 (13.0%) 770(34.7%) 96 (4.3%)
x2 0.326 0.214 6.911 0.957 0.430 0.010 2.670 0.099
p-value 0.568 0.643 0.009* 0.328 0.512 0.921 0.102 0.754
Age
<6 years 3,277 2,651 (80.9%) 873 (26.6%) 631 (19.3%) 195 (6.0%) 289 (8.8%) 308 (9.4%) 1,147 (35.0%) 115 (3.5%)
6-17 years 3,558 2,665 (74.9%) 1,272 (35.8%) 842 (23.7%) 195 (5.5%) 452 (12.7%) 577 (16.2%) 1,315 (37.0%) 188 (5.3%)
%2 35.476 65.747 19.619 0.700 26.633 70.355 2.836 12.680
p-value <0.001* <0.001* <0.001* 0.403 <0.001* <0.001* 0.092 <0.001*
Geographical distribution
Eastern region 3,696 2,874 (77.8%) 1,293 (35.0%) 798 (21.6%) 221 (6.0%) 374 (10.1%) 521 (14.1%) 1,326 (35.9%) 168 (4.5%)
Central region 789 597 (75.7%) 194 (24.6%) 196 (24.8%) 50 (6.3%) 99 (12.5%) 111 (14.1%) 290 (36.8%) 38 (4.8%)
Western region 2,350 1,845 (78.5%) 658 (28.0%) 479 (20.4%) 119 (6.1%) 268 (11.4%) 253 (10.8%) 846 (36.0%) 97 (4.1%)
x2 2.768 51.660 6.953 2.899 5.141 15.129 0.219 0.901
p-value 0.251 <0.001* 0.031* 0.235 0.076 0.001* 0.896 0.637
*p < 0.05.

observations that asthma triggered by URI was prevalent in
children with asthma (10). We also found that patients with URI
as an asthma trigger were mainly localized in the <6-year-old
group. Similar results were observed in the study of Jacobson et al.
According to their report, respiratory infections were commonly
found in preschool-age children and had negative impacts with
asthma exacerbations (11). Viral infections are the leading cause
of asthma exacerbation, especially in preschool-age children

(12). A wide range of viruses can cause URI, with rhinovirus
(RV) as the most commonly identified pathogen, particularly
subtypes A and C (13). In addition, respiratory syncytial virus
(RSV) and influenza virus are also common in daily medical
practice. However, there is no safe and effective vaccine against
RSV or RV at present. Currently, reducing asthma exacerbates,
children with asthma can be recommended to receive influenza
vaccines (14). In terms of drug treatment, palivizumab can be
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used for RSV prophylaxis. Multiple studies have shown that
palivizumab can reduce the frequency of wheezing and the
risk of asthma development (15-17). An animal experimental
study showed that prophylactic azithromycin effectively reduced
the severity of RSV infection (18). More clinical studies are
needed to confirm this. Immunomodulators have a potential
role in URI prevention, such as lysate and probiotics. At
present, clinical trials have confirmed that OM-85 is effective
and sufficiently safe for the prevention of respiratory tract
infections (19, 20). More studies are needed to prove the
benefits of immunomodulators and clarify their appropriate
usage and dosages.

Allergen Sensitization

Our results showed that the proportion of patients who reported
asthma triggered by allergen sensitization was higher in the
6-17-year-old group than in the <6-year-old group. It is
consistent with a study in Italy, Dondi et al. (21) found
asthma exacerbation triggered by allergen sensitization mainly
concentrated in children aged 6 or more. Darrow et al. (22)
reported that pollen had a strong correlation with the increase
in asthma and wheeze-related emergency department visits,
especially in children aged 5-17 years old. We found that the
proportion of patients who had reported asthma trigger of
allergen sensitization in the eastern region was higher than that in
the other two regions. Allergen sensitization may be related to the
different geographic environments. Charpin et al. (23) found that
the prevalence of House dust mites (HDM) allergen sensitization
was related to the geographic environment. One of the strategies
to prevent asthma exacerbations of children is to minimize the
allergen in the environment. In addition to avoiding contact with
allergens as much as possible, some indoor interventions, such as
the use of air purifiers and the installation of ventilation systems,
can also play an influential role (24).

Exercise

In our study, a higher percentage of boys reported asthma
triggered by exercise than girls, and the percentage was also
higher in the 6-17-year-old group than in the <6-year-old
group. A study in Japan found that age was associated with
exercise-induced wheezing. They found a higher prevalence
of exercise-induced wheezing among junior and high school
pupils than primary school pupils (25). The study of Nigerian
children with asthma reported that children with severe
exercise-induced bronchoconstriction (EIB) were slightly older
and more obese than children with non-severe EIB (26). In
addition, our results showed that the proportion of patients
who reported exercise-triggered asthma was the highest in
the central region when compared to the other regions. This
may be related to the cold and dry climate in the central
region. Compared with warm, dry air, hyperventilation with
cold, dry air produces a smaller increase in airway blood
flow (27). Previous studies have shown that a higher absolute
humidity (AH) of air is associated with a lower incidence of
EIB after outdoor exercise tests in children (28). There are two
potential preventive measures. First, good baseline control will

reduce the incidence rate of EBI. Second, warming up before
exercise training and using a short-acting Beta2 agonist (SABA)
before exercise training can effectively avoid the exacerbation of
asthma (29).

Emotional Disturbances

We found that the percentage of patients with asthma triggered
by emotional disturbances did not differ by sex, age, or
geographical distribution. The results of previous studies differ
from ours. There was a significant difference in the onset age
of asthma symptoms between crying-induced bronchospasm
(CIB) and non-CIB groups. Among patients with asthma
symptoms, CIB children under 1 year old accounted for a
larger proportion (30). Liangas et al. (31) reported that age
was a significant determinant of mirth-triggered asthma, with
the older age group showing a higher percentage of mirth-
triggered asthma than the younger age group. Our research
did not further classify emotional disturbances as crying or
mirth. This may be the reason why our results are different
from those of other studies. Severe psychological problems
could increase the likelihood of asthma exacerbations (32, 33).
Emotional fluctuations may come from the stress and pressure
of childhood. Stress can increase airway inflammation and
reduce the patients’ response to short-acting bronchodilators and
corticosteroids, resulting in poor asthma control (34, 35). In
addition, emotional disturbances can also lead to other diseases
manifesting as coughing and wheezing, such as tic cough, somatic
cough syndrome, and cardiovascular disease. It is important to
properly identify an asthma attack, especially during the COVID-
19 pandemic. When observing children’s psychological problems,
parents should communicate in time, strive for professional help,
relieve their pressure, and help children improve their emotion
regulation ability.

Pungent Odors

In our study, the proportion of patients who had asthma
triggered by pungent odors was higher in the 6-17-year-
old group than in the <6-year-old group. Previous studies
have shown that patients with asthma report symptoms
from exposure to odors and pungent chemicals (36, 37).
A pungent odor can stimulate the trigeminal nerve and
promote the release of neuropeptide mediators, which may
trigger the asthma exacerbation. In addition, the influence
of pungent odors on asthma attacks may be caused by
cognitive mechanisms. Jaén et al. (38) found that the same
odor was perceived as more irritating, when it was described
as “harmful” than described as “healthful”. Children with
asthma are generally afraid of inhaling pungent odors, which
will adversely affect their health. In addition to avoiding
exposure to pungent odors, patients also need to change their
inherent perception.

Weather Changes

Although the proportion of patients reporting weather changes
as a trigger also did not differ by sex, age, or geographical
location in our study, weather changes had effects on asthma
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attacks. Previous studies found that temperature changes and
heavy precipitation were associated with asthma attacks (39,
40). A study in Shanghai found that regardless of the cold or
warm season, high diurnal temperature differences, low relative
humidity, and wind speed were all associated with a high risk of
acute asthma exacerbation in children (41). Children with asthma
and their parents should monitor the weather changes and avoid
exposure to large temperature changes.

Air Pollution/Smog

We found that the proportion of patients with air pollution/smog
as an asthma trigger was higher in the 6-17-year-old group
than in the <6-year-old group. Silverman et al. (42) found
that PM2.5 and ozone were related to the increased risk of
asthma hospitalizations. The estimated risks are age-dependent,
with the strong associations appearing for the group age 6-
18 years. In our study, the proportion of patients with air
pollution/smog as an asthma trigger was the lowest in the
western region when compared with the other two regions.
Different areas have different levels of air pollution. Most cities
in the western region are at high altitudes and are slightly
polluted (43). In our study, we did not find the sex difference
among patients with air pollution/smog as an asthma trigger. A
multicity study in China has similar results, which reported that
elevated concentrations of PM10 and NO, were associated with
increased hospital outpatient visits for asthma (44). Strickland
et al. (45) found that air pollution was related to wheezing.
In the daily management of asthma, environmental factors
need to be considered, especially for children with severe or
poorly controlled asthma. Clinicians should recommend patients
to minimize outdoor activities during periods of poor air
quality (46).

Tobacco Smoke

In our study, the proportion of patients with tobacco smoke-
triggered asthma was higher in the 6-17-year-old group than in
the <6-year-old group. Children 6-17 years of age are affected
not only by family members’ smoking at home but also by more
opportunities to be exposed to secondhand smoke in public
places. Some older children may even actively smoke. A previous
study has reported similar results with ours. Children between
1 and 6 years old were less affected by passive smoking. It was
clear that the longer the duration of passive smoking was, the
greater the impact on lung function (47). In our study, we did
not observe a difference by sex in the proportion of patients
with asthma triggered by tobacco smoke. However, Dong et al.
(48) found an association between asthma-related symptoms and
environmental tobacco smoke (ETS) exposure in boys but not
in girls. Boys may be more susceptible to ETS than girls. ETS
was the prevalent respiratory irritant, including nicotine, carbon
monoxide, benzene, formaldehyde, and acrolein. When exposed
to ETS, the prevalence of wheezing has been reported to increase
(49). Wang et al. (50) found that ETS exposure was also associated
with severe asthma attacks. Even under low-level exposure to
ETS, children with asthma continue to show poor asthma control
(51). Children with asthma and their families need to be aware
of the hazards of ETS and understand that there is no safe level

of ETS exposure. A tobacco-free environment is beneficial for
children with asthma and requires the joint efforts of families
and society.

Advantages and Disadvantages
This article is the first large-scale multicenter study of asthma
triggers in children with asthma based on CCAAP application
data. This study will be the foundation for the related follow-
up clinical research. It is of great significance to fully understand
asthma triggers to support better management of children with
asthma. In order to better prevent asthma attacks in children,
targeted measures of different ages, sex, and geographical
distributions should be implemented for asthma triggers.
Asthma attack data from self-reports are not as accurate as
those recorded at the emergency department. We analyzed data
about asthma triggers reported by parents/participants when
registering the CCAAP application. However, we did not analyze
the specific asthma triggers for each time an asthma attack
was recorded in the app. We will study this point in depth
in the future. In addition, this study analyzed each asthma
trigger independently but did not further analyze the interactions
between them. Instead, we focused on differences by age, sex,
and geographical distribution for each asthma trigger. Finally,
we did not record the specific types of allergens associated with
each asthma exacerbation for patients with asthma trigger of
allergen sensitization. However, as a supplement, we analyzed the
history of inhalation allergens. The following research will further
analyze the relationship between symptoms and asthma triggers
to supplement this study field.

CONCLUSION

Children with asthma reported different asthma triggers,
both allergenic and nonallergenic. Age, sex, and geographical
distribution affected specific asthma triggers. Preventive
measures can be taken to avoid asthma attacks based on the
specific asthma trigger.
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