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ABSTRACT

Background: The prevalence of asthma in Taiwan was increasing in the past 30 years, causing a
great impact on adolescent health. This study aimed to investigate the current prevalence, impact,
and associated factors of asthma in Taiwanese adolescents.

Material and methods: Parents or guardians provided passive consent at home prior to the
survey. Adolescents aged 13–14 years completed a questionnaire survey in 2017 in Taipei, Taiwan.
The prevalence, impact, and associated factors of asthma were analyzed. We also compared the
asthma prevalence with the prevalence in 1995 and 2001.

Results: We analyzed 3474 validated questionnaires. The prevalence of physician-diagnosed
asthma was 12.4%. The prevalence of current wheezing was 9.2% in 2017, which was 5.2% in
1995 and 7.0% in 2001. 3.3% of 13–14-year-old adolescents had severe asthma symptoms.
Asthma significantly impacted the lives of adolescents. Of the students with asthma, 10.9% had
school absenteeism, 16.5% urgently needed to see a doctor, 9.5% went to the emergency
department, and 3.5% were admitted to hospitals within the preceding 12 months. The associated
factors for physician-diagnosed asthma in Taiwanese adolescents were male (prevalence ratio
[PR], 1.38; 95% confidence interval [CI], 1.05–1.83; p ¼ 0.02), maternal history of asthma (PR, 2.61;
95% CI, 1.69–4.02; p < 0.01), and recent paracetamol use at least once per month (PR, 2.60; 95%
CI, 1.24–5.42; p ¼ 0.01). The associated factors for school absenteeism were nocturnal cough (PR,
1.99; 95% CI, 1.16–3.41; p ¼ 0.01), current wheezing (PR, 7.52; 95% CI, 4.39–12.9; p < 0.01), and
recent paracetamol use (at least once per month, PR, 3.16; 95% CI, 1.10–9.06; p ¼ 0.03; at least
once per year, PR, 2.19; 95% CI, 1.25–3.83; p < 0.01).

Conclusions: The prevalence of physician-diagnosed asthma was 12.4%. Asthma substantially
impacted the lives of adolescents. Reducing nocturnal cough, wheezing frequency, and paracet-
amol usage might help decrease school absenteeism.
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INTRODUCTION

Asthma is a chronic respiratory disease, with a
prevalence in adolescents that varies widely from
0.9% to 21.3% in different countries.1 Asthma
increased rapidly in recent decades in Taiwan.
The prevalence of 13–14-year-old adolescents
with asthma increased from 0.86% in 1974 to 4.1%
in 1985, 5.2% in 1995, and 7.0% in 2001.2,3

Urbanization, westernized lifestyles, and air
pollution have all contributed to the rapid
increase of asthma in Taiwan.2,4,5

Approximately 358 million individuals are
affected by asthma globally,6 placing a tremendous
disease burdenworldwide and impacting asthmatic
individuals.7 A total of 26.2 million disability-
adjusted life years are attributed to asthma, and
0.4 million people per year die from asthma glob-
ally.6 In Taiwan, the annual cost of each asthma
patient is more than 7000 USD, equaling 215
million USD as the total expenditure per year.8,9

Unscheduled clinic or emergency department
visits can result in asthma-associated school absen-
teeism.10 Asthma is responsible for 2.3 missed
school days per person annually, which is a great
impact on asthmatic students and their parents.11

The International Study ofAsthmaandAllergies in
Childhood (ISAAC) is a well-known standardized
asthma survey that hasprovided longitudinal asthma
prevalence data since 1995.12,13 Based on the
success of ISAAC, the Global Asthma Network
(GAN) survey was initiated in 2012, performing
global surveillance of asthma prevalence, severity,
associated factors, and management in both
pediatric and adult populations.14 Fifty-three cen-
ters from 20 countries completed the GAN Phase 1
survey byMay 2020.15Our group had conducted all
three phases of the ISAAC survey in Taipei, Taiwan.
We continued to conduct the GAN Phase 1 survey
in Taipei to investigate current asthma
epidemiology and monitor the increasing trend of
asthma. We also investigated the associated factors
and the impact on students’ lives associated with
asthma in 13–14 year-old students in this survey.
METHODS

Study design and study population

Following the GAN phase 1 protocol,14,16 we
randomly selected 24 junior high schools from
12 districts in Taipei to reach a sample size of
3000 in this age group. All students and their
parents/guardians from the eighth grade (13–14
years old) of each school were invited to
participate. The questionnaires of 13–14-year-old
students were answered by the students them-
selves, and the adults’ questionnaires were
answered by both their parents or guardians.

The questionnaires were distributed to each
school in October 2017. The questionnaires were
sent back by teachers in November 2017. Ques-
tionnaires without complete information were
excluded. Students’ and parents’ questionnaires
were matched using serial numbers. The Chinese
version of the questionnaire we used was validated
by the GAN Global Center through forward and
back-translation processes. The study was
approved by the Human Research Ethics Commit-
tee of Chang Gung Memorial Hospital (Protocol
No. 201700105B0). Because of the coronavirus
disease 2019 pandemic, the GAN worldwide sur-
vey and the data checking by the global data cen-
ters were not finalized until 2020.

Disease and associated factors definition

During the GAN survey, asthma symptoms were
inquired, including current wheezing, wheezing
attack frequency, sleep disturbance due to
wheezing, and speech limitation to only 1 or 2
words at a time between breaths due to severe
wheezing in the preceding 12 months.16 In the
GAN and ISAAC surveys,16,17 the current
prevalence of asthma was estimated from
participants with a positive answer to “current
wheezing”. “Current wheezing” was defined as a
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positive answer to the question “Have you had
wheezing or whistling in the chest in the
preceding 12 months?” Severe asthma symptoms
were defined as participants with current
wheezing and a positive response to 1 of the
following in the preceding 12 months: (a) 4 or
more attacks of wheezing, (b) sleep disturbance
due to wheezing on 1 or more nights per week,
and (c) wheezing severe enough to limit speech
to only 1 or 2 words at a time between breaths.
We also asked about the wheezing sound during
or after exercise and dry cough at night, apart
from a cough associated with a cold or chest
infection.

“Asthma ever” was defined as a positive
response to the question “Have you ever had
asthma?” while “physician-diagnosed asthma” was
defined as a positive response to the question
“Was asthma confirmed by a doctor?” The fre-
quency of urgent doctor and emergency depart-
ment visits, as well as hospital admissions, were
used as indicators of the clinical burden. Missed
school days were an indicator of the burden on
life. Exercise-induced wheezing and nocturnal
cough were compared because they indicated
troublesome symptoms to students.

Allergic rhinitis was defined as a positive
response to the question, “Was your allergic
rhinitis confirmed by a doctor?” Atopic dermatitis
was defined as a positive response to the question,
“Was your atopic dermatitis confirmed by a doc-
tor?” In the GAN survey in Taipei, a food allergy
questionnaire was modified from the nationwide
food allergy survey in Singapore.18 Food allergy
was defined as a positive response to the
question, “Was your food allergy confirmed by a
doctor?”

Associated factors used for Poisson regression
analysis included sex, twin, older and younger
sibling numbers, birthplace, truck frequency pass-
ing house (as an indicator of air pollution), exer-
cise, diet habit, paracetamol intake, dog and cat at
home, current and ever cigarette smoking, televi-
sion watching time, and computer or cell phone
usage time.

The students’ and parents’ questionnaires were
matched by serial numbers. Associated factors
identified in parental questionnaires were also
used for Poisson regression analysis, including
parental physician-diagnosed asthma; allergic
rhinitis; atopic dermatitis; food allergy; damp and
mold spots at this moment, during pregnancy, and
in the first year of life; and fuel types used for
cooking and heating.

Comparison of asthma prevalence between GAN
and ISAAC

To investigate the change in asthma prevalence,
we compared the GAN data with the ISAAC Phase
1 and Phase 3 data. Our group conducted the
ISAAC Phase 1 survey in October 1995 and the
ISAAC Phase 3 survey from December 2001 to
January 2002.3 using similar questionnaires in the
same schools as those used for the GAN. All
parameters related to asthma symptoms were
compared.

Statistical analysis

The ninety-five percent confidence interval (CI)
was calculated using an online binomial CI calcu-
lator with asymptotic assumption on the GitHub
platform.19 The comparison between the
prevalence of asthma symptoms between GAN,
ISAAC phase 1, and phase 3 was analyzed by the
Chi-square test. The Venn diagram demonstrating
the relationship between asthma and other allergic
diseases was illustrated using the VennDiagram R
package (version 1.7.0).20 To evaluate the
correlation between asthma and allergic rhinitis,
atopic dermatitis, and food allergy, we performed
Spearman correlation and Poisson regression
analyses. Given that our study is cross-sectional
and the prevalence of physician-diagnosed
asthma is greater than 10%, we used prevalence
ratios (PR) instead of odds ratios to avoid over-
estimating the impact of associated factors on
physician-diagnosed asthma and asthma-related
school absenteeism.21,22 Unadjusted and
adjusted Poisson regression analyses were
performed to analyze the associated factors for
physician-diagnosed asthma and school absen-
teeism. During unadjusted Poisson regression,
variables with a p-value less than 0.1 were included
in the subsequent adjusted Poisson regression.
Poisson regression was performed using IBM SPSS
Statistics for Windows, version 20 (IBM Corp.,
Armonk, NY, USA). All hypothesis tests were two-
sided, with a priori levels of significance set at
p < 0.05.
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RESULTS

The questionnaire survey process

A total of 3734 questionnaires were delivered to
the selected junior high schools in October 2017.
The schools returned 3550 questionnaires in
November 2017, and 3474 questionnaires were
validated for the final analyses.
Asthma prevalence and associated symptoms

In the preceding 12 months, 321 (9.2%) students
had current wheezing. A total of 494 (14.2%) 13–
14-year-old students reported ever having asthma,
and 431 (12.4%) of them had physician-diagnosed
asthma. Exercise-induced wheezing and nocturnal
coughing were common. A total of 870 (25%)
students claimed ever having wheezing during or
after exercise, while 963 (27.7%) students com-
plained of nocturnal coughing. The prevalence of
asthma and its associated symptoms are summa-
rized in Table 1.

One hundred forty-three (3.3%) students had
experienced severe asthma symptoms. Among
those with severe asthma symptoms, 83 (58%)
students had 4 or more episodes of wheezing, 16
(11.2%) had sleep disturbance from wheezing
more than once per week, and 74 (51.7%) had
speech disturbance caused by wheezing.

We also examined the prevalence of asthma
symptoms across genders. It was observed that
males had a higher probability of experiencing
more wheezing episodes in the preceding 12
months, as well as severe wheezing that limited
speech. Additionally, a greater proportion of male
adolescents reported physician-diagnosed asthma
and exercise-induced wheezing compared to
females.
The trend of prevalence of asthma

When we compared the prevalence of asthma in
ISAAC Phase 1 and ISAAC Phase 2,2,3 the
prevalence of current wheezing was 9.2% in
2017, higher than 5.2% in 1995 and 7.0% in 2001
(p < 0.01). Regarding exercise-induced
wheezing, the prevalence was 8.2% in 1995 and
19.4% in 2001, lower than 25.0% in 2017
(p < 0.01). While 9.0% of 13–14-year-old students
in 1995 and 17.0% in 2001 reported ever having
asthma, the prevalence of ever-asthma was slightly
lower at 14.2% in 2017.

The prevalence of severe asthma symptoms in
the preceding 12 months has not been consis-
tently elevated. In 1995 and 2001, the percentage
of 13–14-year-old students with severe asthma
symptoms was the same (2.2%). The prevalence
was 3.3% in 2017. The data are compared in Fig. 1.
The impact of asthma

Asthma has several impacts on those 13–14-
year-old students with physician-diagnosed
asthma. Forty-seven (10.9%) of 431 students with
physician-diagnosed asthma ever missed school
because of breathing problems, and 5 (1.2%) even
missed more than 12 days in the preceding 12
months. Of the 431 students with physician-
diagnosed asthma, a total of 71 (16.5%) urgently
needed to see a doctor, 41 (9.5%) ever went to the
emergency department, and 15 (3.5%) were ever
admitted to the hospital within the preceding 12
months. The detailed results are summarized in
Table 2.
The association between asthma and other
allergic diseases

Physician-diagnosed asthma was correlated
with other allergic diseases. Out of the total 13-14-
year-old students, 1038 (29.9%) had physician-
diagnosed allergic rhinitis, 484 (13.9%) had
atopic dermatitis, and 386 (11.1%) had food al-
lergy. According to Spearman correlation analysis,
the rho coefficients between physician-diagnosed
asthma and allergic rhinitis, atopic dermatitis,
and food allergy were 0.21, 0.12, and 0.16,
respectively (all p < 0.01). Students with allergic
rhinitis (PR, 2.89; 95% CI, 2.39–3.50; p < 0.01),
atopic dermatitis (PR, 2.09; 95% CI, 1.68–2.60;
p < 0.01), and food allergies (PR, 2.61; 95% CI,
2.10–3.25; p < 0.01) had a higher prevalence of
physician-diagnosed asthma. The Venn diagram
(Fig. 2) showed the overlap between different
allergic diseases. Among students with physician-
diagnosed asthma, 30.1% had pure asthma,
31.2% had concomitant allergic rhinitis, 5.73% had
atopic dermatitis, and 5.73% had food allergies.
Additionally, 19.4% of the asthma patients had 2
allergic comorbidities, and 7.9% had all 3 different

https://doi.org/10.1016/j.waojou.2023.100794


Items
Total Male Female P-value

Number Percentage (95% CI) Number Percentage Number Percentage (male vs. female)

Total 3474 100% 1762b 1601b

Asthma symptoms in the
past 12 months
Wheezing, current 321 9.2% (8.2%–10.2%) 172 9.8% 135 8.4% 0.16
Wheezing attacks 0.02

1 to 3 227 6.5% (5.7%–7.3%) 112 6.4% 107 6.7%
4 to 12 62 1.8% (1.4%–2.2%) 43 2.4% 18 1.1%
More than 12 21 0.6% (0.3%–0.9%) 13 0.7% 8 0.5%

Wheezing that
disturbed sleep

0.51

<1 per week 79 2.3% (1.8%–2.8%) 39 2.2% 34 2.1%
�1 per week 16 0.5% (0.3%–0.7%) 10 0.6% 6 0.4%

Severe wheezing that
limited speech

74 2.1% (1.6%–2.6%) 49 2.8% 24 1.5% 0.01

Severe asthma
symptomsa

115 3.3% (2.7%–3.9%) 94 5.3% 47 2.9% <0.01

Asthma ever 494 14.2% (13.0%–15.4%) 284 16.1% 195 12.2% <0.01

Asthma diagnosed by
physicians

431 12.4% (11.3%–13.5%) 253 14.4% 164 10.2% <0.01

Exercise-induced wheezing 870 25.0% (23.6%–26.4%) 477 27.1% 364 22.7% <0.01

Nocturnal cough 963 27.7% (26.2%–29.2%) 470 26.7% 462 28.9% 0.15

Table 1. Asthma prevalence and associated symptoms. aSevere asthma symptoms definition: cases with current wheezing have one or more of the following symptoms: (1) four or more attacks of
wheezing; (2) woken by wheezing on one or more nights per week or; (3) wheezing severe enough to limit speech to only one or two words at a time, between breaths. b111 students didn’t provide their gender in
the questionnaires
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Fig. 1 Asthma prevalence and associated symptoms changed from 1995 to 2017. The percentages of asthma-associated symptoms
are compared between surveys performed in 1995, 2001, and 2017. (ISAAC: The International Study of Asthma and Allergies in Childhood;
GAN: Global Asthma Network)
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kinds of allergic diseases, including allergic
rhinitis, atopic dermatitis, and food allergy.

The associated factors for physician-diagnosed
asthma and asthma-associated school
absenteeism

According to adjusted Poisson analysis, male
adolescents were found to have a higher proba-
bility of physician-diagnosed asthma (PR 1.38; 95%
CI, 1.05–1.83; p ¼ 0.02). Additionally, students who
Items in the past 12 months
Number

Total case number 431
School days missed

1 to 3 37
4 to 12 5
More than 12 5

Urgent doctor visit
1 to 3 56
4 to 12 14
More than 12 1

Urgent emergency room visit
1 to 3 39
4 to 12 2
More than 12 0

Hospital admission
1 12
2 1
More than 2 2

Table 2. The impact of asthma
reported using paracetamol at least once per
month in the preceding year had a higher preva-
lence of physician-diagnosed asthma (PR, 2.60;
95% CI, 1.24–5.42; p ¼ 0.01). Furthermore, stu-
dents with a maternal history of asthma also had a
higher prevalence of physician-diagnosed asthma
(PR, 2.61; 95% CI, 1.69–4.02; p < 0.01) (Table 3).

In terms of factors associated with school
absenteeism, nocturnal cough was found to be
Physician-diagnosed asthma

Percentage (95% CI)

8.6% (6.0%–11.2%)
1.2% (0.2%–2.2%)
1.2% (0.2%–2.2%)

13.0% (9.8%–16.2%)
3.2% (1.5%–4.9%)
0.2% (0%–0.6%)

9.0% (6.3%–11.7%)
0.5% (0%–1.2%)
0.0% (0%–0%)

2.8% (1.2%–4.4%)
0.2% (0%–0.6%)
0.5% (0%–1.2%)

https://doi.org/10.1016/j.waojou.2023.100794


Fig. 2 Overlap between four different allergic diseases. The overlap between physician-diagnosed asthma, allergic rhinitis, atopic
dermatitis, and food allergy is demonstrated in terms of percentages on a Venn diagram
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associated with a higher probability of missing
school (PR, 1.99; 95% CI, 1.16–3.41; p ¼ 0.01), as
were wheezing episodes in the preceding 12
months (PR, 7.52; 95% CI, 4.39–12.9; p < 0.01).
Additionally, recent paracetamol use, at least once
per month, was associated with a PR of 3.16 (95%
CI, 1.10–9.06; p ¼ 0.03), while the PR for at least
once per year use was 2.19 (95% CI, 1.25–3.83;
p < 0.01). The results of the adjusted analysis were
summarized in Table 3.
Variables

Associated factors for physician-diagnosed asthm

Male

Maternal history of asthma

Paracetamol usage in the past 12 months (at least o

Associated factors for school absenteeism

Nocturnal cough

Current wheezing (wheezing in the past 12 months)

Paracetamol usage in the past 12 months (at least o

Paracetamol usage in the past 12 months (at least o

Table 3. The factors associated with physician-diagnosed asthma and
physician-diagnosed asthma is adjusted by body matrix index, fast food intake, an
with p < 0.1 at unadjusted Poisson regression). Adjusted analysis for school abse
induced wheezing, frequent truck passage, cooked vegetable ingestion, current
unadjusted Poisson regression)
DISCUSSION

The global prevalence of current wheezing was
diverse from 0.9% (New Delhi, India) to 21.3%
(Cape Town, South Africa).1,23,24 The prevalence
of current wheezing was 9.2% in Taiwan in 2017,
approaching the global average (10.4%).1,23,24 In
Taiwan, 3.3% of adolescents had severe asthma
symptoms, slightly lower than the global average
(4.9%, range 0.5%–12.0%).1 Out of the 26 centers
Adjusted analysis

PR (95% CI) P-value

a

1.38 (1.05–1.83) 0.02

2.61 (1.69–4.02) <0.01

nce per month) 2.60 (1.24–5.42) 0.01

1.99 (1.16–3.41) 0.01

7.52 (4.39–12.9) <0.01

nce per month) 3.16 (1.10–9.06) 0.03

nce per year) 2.19 (1.25–3.83) <0.01

school absenteeism in 13–14-year-old students. Adjusted analysis for
d parental histories with asthma, allergic rhinitis, and food allergy (the factors
nteeism is adjusted by night wakening, speech-limiting wheezing, exercise-
cat exposure, and current tobacco smoking (the factors with p < 0.1 at
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that provided longitudinal current asthma data
from ISAAC 1 to GAN, the prevalence of asthma
significantly increased in 7 centers, including
Taiwan.1

The prevalence of asthma in Taiwan is still raised
along with rapid urbanization. In 1974, the asthma
prevalence in Taipei was only 0.86% among 13-
year-old students.2 Economic growth dramatically
increased in the 1980s in Taiwan. Gross domestic
product per capita increased from 2720 USD in
1981 to 28 371 USD in 2020.25 The prevalence
of asthma increased to 4.1% in 1985, 5.2% in
1995, and 7.0% in 2001. The GAN survey
demonstrated that the asthma prevalence in
Taipei was still rising in 2017, similar to the trend
in Spain.1,3 The reasons for this rise are
multifactorial, including hygiene improvement,
indoor lifestyle, vitamin D deficiency, and air
pollution.4,26–28 Fortunately, the number of
students with severe asthma symptoms has not
increased rapidly in the past 22 years, only
having increased from 2.2% to 3.3%. Medical
progress and patient education improvement
were factors decelerating the increasing trend of
students with severe asthma symptoms.29–31

Asthma substantially impacts students’ health
and learning, and heavily burdens their fam-
ilies.7,10 In our GAN survey, 8.6% of students with
physician-diagnosed asthma missed 1 to 3 school
days in the preceding 12 months, 1.2% missed 4 to
12 days, and 1.2% even missed more than 12 days.
Asthma-related school absenteeism causes low
academic performance,32 and uncontrolled
asthma was the major risk factor leading to
school absenteeism.10 Nocturnal cough was one
of the factors associated with school absenteeism
and more than one-quarter of the students had
nocturnal cough in the survey. Therefore, how to
reduce nocturnal cough will be an important issue
to decrease school absenteeism. Several school-
based asthma-controlling interventions have
been investigated to reduce asthma-related school
absenteeism.33,34 More research will be required
to find out the best strategy to prevent asthma-
related school absenteeism and improve asth-
matic adolescents’ academic performance in
Taiwan.35
Asthma also imposed a significant burden on
families with adolescents who had asthma.
Because of asthma, 16.4% of students had to see
a doctor urgently, 9.5% had to visit the emer-
gency room, and 3.5% even required hospital
admissions in our GAN survey. Their parents or
family members had to accompany them during
unscheduled medical emergencies, leading to
work absenteeism and economic loss.11

Therefore, reducing medical emergencies
caused by asthma will effectively reduce the
burden on parents.

Current use and perinatal exposure to paracet-
amol have been associated with asthma.36,37 In
this survey, the use of paracetamol over the
preceding 12 months was associated with
physician-diagnosed asthma and asthma-related
school absenteeism. Several mechanisms have
been proposed to explain the association between
the use of paracetamol and asthma. Most of the
mechanisms are associated with glutathione and
impaired antioxidant activities.38–40 Some
researchers have challenged the association
between paracetamol and asthma.41 More well-
designed studies will be required to clarify this
association.

This study had several limitations and strengths.
A major limitation was that the diagnosis of asthma
was based on questionnaires. In addition, adoles-
cents often underreport their associated factors,
such as cigarette smoking,42 which might cause
cigarette smoking to be not a risk factor for
asthma in this survey. Another limitation is that
the definition of severe asthma symptoms in the
GAN protocol differs from that of severe asthma
in the international guideline.1,43 Therefore, a
different study is required to investigate the
current status of severe asthma in Taiwan. The
major strength of this study was that the GAN
survey is an international project conducted with
a similar validated core questionnaire used in the
ISAAC studies in Taiwan.1,3 Therefore, the
increasing trend of asthma in Taiwan is
convincing. The government should invest more
resources to slow down this increasing trend.

In conclusion, asthma prevalence in Taiwan is
still increasing. Asthmatic students and their fam-
ilies spent more time seeking medical help,
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leading to school absenteeism. Reducing
nocturnal cough, wheezing frequency, and para-
cetamol usage might help decrease school
absenteeism. Policymakers and healthcare pro-
viders should work together to improve asthma
care and halt the increase in asthma in Taiwan.
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