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Background: Previous studies have shown the increasing prevalence of childhood

asthma around the world as well as in China. Nevertheless, little is known about the

epidemiology of asthma in preschool children. Thus, the present study investigated the

prevalence and severity of asthma in Shanghai, China, and identified related risk factors

for asthma in children at the age of 3–6.

Methods: Information was obtained through the International Study of Asthma and

Allergies in Childhood (ISAAC) questionnaire. Risk factor analysis was carried out using

univariate and multivariate logistic regression. The odds ratio (OR)/adjusted odds ratio

(aOR) and the 95% confidence interval (CI) were determined.

Results: A total of 6,183 children (3,165 boys and 3,018 girls) covering 12 communities

were included in our study, with an average age of 4.2 ± 0.7 years. The prevalence

of ever asthma, current asthma, and physician-diagnosed asthma was 16.0, 11.2,

and 5.3%, respectively. Parental allergic history, including rhinitis and asthma, was

significantly associated with asthma symptoms. The strongest association with current

asthma was paternal asthma (aOR = 5.91, 95% CI 3.87–9.01), and maternal asthma

had the second strongest association with current asthma (3.85; 2.40–6.17). Among

personal factors, allergic rhinitis history, eczema history, food allergy history, and

antibiotic use in the first year of life were significantly associated with current asthma

(aOR = 1.89, 95% CI 1.52–2.34; aOR = 1.34, 95% CI 1.09–1.64; aOR = 1.68,

95% CI 1.37–2.06; aOR = 1.53, 95% CI 1.25–1.87, respectively). More than once

paracetamol use per year and per month were associated with current asthma in

a dose–response manner. Additionally, female sex was an independent protective

factor for ever asthma (0.82; 0.70–0.96). Among environmental factors, dampness or

mildew at home was an independent risk factor for ever asthma (1.50; 1.15–1.97) and

current asthma (1.63; 1.21–2.19). Floor heating system was significantly associated

with ever asthma (1.57; 1.25–1.98) and current asthma (1.36; 1.04–1.78). Furthermore,
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dampness or mildew, infrequent house cleaning, and truck traffic in residential streets

were significantly associated with asthma symptoms only in old communities, while

paracetamol use in the first year of life and flooring materials were significant factors

only in new communities.

Conclusion: The prevalence of asthma has increased among preschool children

in Shanghai over the past three decades. The identified risk factors indicated

the combined effects of genetic, personal, and environmental factors on asthma

symptoms. Differentiated strategies should be taken for preventing asthma in old and

new communities.

Keywords: cross-sectional, risk factors, epidemiology, asthma, preschool

INTRODUCTION

The prevalence of asthma has risen worldwide over the past few
decades (1). As the most common chronic respiratory disease in
children, it usually starts in early childhood, and half of children
with asthma have at least one episode of wheezing in the first 6
years of life (2). The prevalence of asthma in preschool children is
higher than that in school-aged children and infants (3), whereas
the diagnosis and treatment of asthma in preschool children
are challenging due to the lack of objective documentation of
reversible airway obstruction and confusion with other diseases
such as bronchitis and bronchiolitis. They usually have poorer
symptom control and lower quality of life than older children
who experience wheezing, putting an increasing burden on
families and the healthcare system (4). Thus, it is urgent to fully
assess the prevalence and severity of asthma and explore possible
risk factors to prevent asthma among preschool children.

The International Study of Asthma andAllergies in Childhood
(ISAAC) has carried out the most comprehensive study on the
prevalence and associated variables of pediatric asthma using
standardized questionnaires throughout the world. According to

the ISAAC Phase III study in 2002, the prevalence of childhood
asthma among children at the age of 6–7 in China was 6.0%,

while it was 4.3% in the 1994 ISAAC Phase I study (5). A
nationwide survey in 2010 demonstrated that the prevalence of

asthma among children of 0–14 years in Shanghai was 7.6%,

which was the highest among the 43 investigated cities in China
(3). The prevalence of asthma in China has risen over the last
three decades, as dramatic changes have occurred in China’s
economic and lifestyle. Nevertheless, little is known about recent

information on the prevalence and severity in Chinese children
since the last ISAAC survey and national survey, especially in

children aged 3–6 years. Additionally, the prevalence of asthma

in children is rising at a rate that cannot be explained simply
by genetic factors. It is a likely complicated and multifactorial

condition, which involves combined effects of non-modifiable
factors (i.e., genetics and sex) and modifiable factors (i.e., indoor

environment and lifestyle) (6). The etiology of asthma remains
largely unknown.

Therefore, we conducted the cross-sectional study to explore
the prevalence and severity of asthma and identify risk factors for
asthma in children at the age of 3–6 years in Shanghai.

METHODS

Study Design
This is a population-based cross-sectional study carried out
in 2021, covering 12 communities and 72 kindergartens in
the Yangpu District of Shanghai. Of the 7,096 distributed
questionnaires, 6,784 were returned by parents or guardians
(response rate: 95.6%). A total of 466 children in day care
classes aged 2–3 years were eliminated due to their age, and 135
children were excluded due to partial data loss. Eventually, 6,183
questionnaires were retained as valid.

Ethics Approval
The Ethics Committee of Shanghai Children’s Medical Center,
School of Medicine, Shanghai Jiao Tong University approved
this study. Informed consent forms were acquired from the
parents/caregivers of participants.

The Questionnaire
Questionnaires consisted of three parts: a core written
questionnaire, a personal questionnaire, and an environmental
questionnaire, both based on the ISAAC phase III and were
translated into Chinese according to the ISAAC translation
protocol (7).

In the core written questionnaire, demographic questions on
age, sex, school, community, date of birth, height, and weight
were asked. The questions used to estimate the prevalence and
severity of asthma symptoms were ever asthma, current asthma,
4 or more attacks of wheeze in the past year, severe attack in the
past year, wheeze-induced sleep disruption in the last 12 months,
wheeze during or after exercise in the past year, and night cough
in the past year.

Ever asthma was defined as positive answers to the question
“Has your child ever had wheeze or whistle in the chest?”
Current asthma was determined based on affirmative answers
to the question “Has your child had wheeze or whistle in
the chest in the past 12 months?” Physician-diagnosed asthma
was identified as parental responses to the question “Has your
child ever been diagnosed with asthma by a physician?” Four
or more attacks of wheeze and severe attack in the past 12
months were, respectively, determined according to the parental
answers to the questions “How many attacks of wheeze has
your child had in the last 12 months?” and “has wheeze ever
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TABLE 1 | Prevalence of asthma in the study (n = 6,183).

Proportion or

prevalence,

n (%)

Male,

n = 3,165

Female,

n = 3,018

p-value

Ever asthma 990 (16.0%) 563 (17.8%) 421 (13.9%) <0.001

Current asthma 695 (11.2%) 391 (12.4%) 304 (10.1%) 0.005

Physician-diagnosed asthma 328 (5.3%) 190 (6.0%) 138 (4.6%) 0.012

4 or more attacks in the past 12 months 81 (1.3%) 47 (1.5%) 34 (1.1%) 0.217

Severe attack in the past 12 months 24 (0.4%) 11 (0.3%) 13 (0.4%) 0.600

Wheeze-induced sleep disruption in the past 12 months 198 (3.2%) 243 (7.7%) 197 (6.5%) <0.001

Wheeze during or after exercise in the past 12 months 315 (5.1%) 181 (5.7%) 134 (4.4%) 0.023

Nocturnal cough in the past 12 months 906 (14.7%) 471 (14.9%) 435 (14.4%) 0.603

Data are shown as mean (± standard deviation) or number (%). Chi-square test was adopted to assess the significance of between-group differences; p-values of <0.05 in bold were

considered statistically significant.

been severe enough to limit your child’s speech to only one
or two words at a time between breaths?” Wheeze-induced
sleep disruption, wheeze during or after exercise, and nocturnal
cough in the past 12 months were defined by affirmative
responses to the questions “In the past 12 months, has your
child had sleep disruption due to wheeze or whistle?” “In the
past 12 months, has your child had wheeze or whistle during
or after exercise?” and “In the past 12 months, has your child
had a dry cough at night in addition to respiratory tract
infection?” respectively.

The following variables were analyzed in the personal and
environmental questionnaire: paracetamol use in the first year
of life, the frequency of paracetamol use in the past year,
antibiotic use in the first year of life, smoke exposure at home,
pets at home, pets at home in the first year, dampness or
mildew, truck traffic in residential streets in the past year, electric
heating, floor heating system, electric cooking, gas cooking, solid
wood flooring, laminated wood flooring, emulsion paint wall,
wallpaper, infrequent house cleaning in the past year, TV viewing
in the past year. In addition, genetic factors, including maternal
and paternal asthma, rhinitis, and eczema, and the history of
personal allergic diseases were collected.

Most of the risk factors mentioned were coded as binary
variables by “yes/no” questions, except for the frequency of
paracetamol use in the past year (never, more than once per
month or more than once per year), heavy truck traffic (never,
occasionally, frequently or almost the whole day), infrequent
house cleaning in the past year (every day, twice a week, once
a week, once every 2 weeks, once a month or less than once a
month), and TV viewing in the past year (<1 h per day, 1–3 h per
day, 3–5 h per day, or more than 5 h per day).

Statistical Analysis
Data were coded and analyzed using SPSS 22.0 software.
Categorical variables are displayed in frequencies and
proportions. Prevalence estimates were computed by the
number of affirmative answers to each question divided by the
total number of completed answers.

The significance of differences between groups in categorical
variables was determined using independent samples chi-squared

(χ2) test. It was defined as statistically significant that the
p < 0.05. With 25–30 risk factors potentially associated with
asthma, the minimum sample size required approximately 250–
300 positive answers to avoid violating the principle of 10
outcome events per variable in the logistic regression. Univariate
and multivariate logistic regression analyses were adopted to
assess the relationships between the genetic, environmental, and
lifestyle variables and ever asthma and current asthma. All
significant variables in univariate analyses were subsequently
selected to the multivariate logistic regression model. Each
regression result was summarized as odds ratio (OR) and
corresponding 95% confidence interval (95% CI).

RESULTS

The Epidemiology of Asthma Symptoms
There were a total of 6,183 valid questionnaires (3,165 boys and
3,018 girls). The age of the children ranged from 3 to 6 years,
with an average of 4.2 ± 0.7 years and a median of 4.1 years.
Table 1 shows the positive responses to asthma symptoms. A
total of 990 (16.0%) children had ever experienced wheezing,
while 695 (11.2%) children had experienced wheezing within the
past year. The prevalence of doctor-diagnosed asthma was 5.3%
(328/6,183). There were 315 (5.1%) and 906 (14.7%) participants
reporting exercise-induced wheezing and night cough in the past
year, respectively. Regarding the severity of asthma symptoms,
3.2% of children have experienced sleep disturbance due to
wheeze or whistle, while 1.3% of children had no less than 4
attacks of wheeze in the past year.

The prevalence of asthma symptoms was significantly higher
in boys than in girls, but there were no sex differences observed
regarding attack frequency and severity or nocturnal cough in the
past year.

Personal and Genetic Factors Associated
With Asthma Symptoms by Univariate
Analyses
Among the personal and genetic factors shown in Table 2, boys
were significantly more likely to have asthma symptoms, and
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TABLE 2 | Personal and parental factors for asthma symptoms by univariate analyses.

Personal and parental factors Ever asthma Current asthma

OR (95% CI) p OR (95% CI) p

Age 1.01 (0.94, 1.09) 0.746 0.94 (0.86, 1.02) 0.151

Community 1.03 (1.01, 1.05) 0.012 1.03 (1.01, 1.06) 0.014

Sex

Male 1.00 1.00

Female 0.76 (0.66, 0.87) <0.001 0.80 (0.68, 0.93) 0.005

BMI status

Not overweight or obese 1.00 1.00

Overweight 1.16 (0.99, 1.37) 0.069 1.08 (0.89, 1.30) 0.455

Obese 1.18 (0.91, 1.53) 0.204 1.13 (0.83, 1.52) 0.440

History of allergic rhinitis 2.76 (2.35, 3.25) <0.001 2.80 (2.33, 3.36) <0.001

History of eczema 1.85 (1.59, 2.16) <0.001 1.90 (1.60, 2.26) <0.001

History of food allergy 2.14 (1.83, 2.50) <0.001 2.34 (1.96, 2.80) <0.001

Antibiotic use (1st year) 2.27 (1.95, 2.64) 0.017 2.19 (1.84, 2.60) <0.001

Paracetamol use (1st year) 1.62 (1.40, 1.88) <0.001 1.61 (1.36, 1.91) <0.001

Frequency of paracetamol use

Never 1.00 1.00

>Once/year 1.54 (1.26, 1.89) <0.001 1.71 (1.33, 2.19) <0.001

>Once/month 2.22 (1.65, 3.01) <0.001 2.95 (2.10, 4.16) <0.001

Watching TV

<1 h/day 1.00 1.00

1–3 h/day 1.04 (0.90, 1.20) 0.611 1.04 (0.88, 1.23) 0.662

3–5 h/day 0.99 (0.60, 1.60) 0.957 0.96 (0.54, 1.72) 0.887

>5 h/day Number too small Number too small

Maternal rhinitis 3.06 (2.47, 3.78) <0.001 2.95 (2.34, 3.73) <0.001

Maternal asthma 5.40 (3.58, 8.13) <0.001 5.47 (3.59, 8.34) <0.001

Maternal eczema 2.03 (1.46, 2.83) <0.001 2.12 (1.47, 3.05) <0.001

Paternal rhinitis 2.89 (2.36, 3.53) <0.001 2.73 (2.18, 3.14) <0.001

Paternal asthma 5.90 (4.04, 8.60) <0.001 7.19 (4.92, 10.53) <0.001

Paternal eczema 1.21 (0.80, 1.83) 0.372 1.28 (0.80, 2.04) 0.301

OR, odds ratio; CI, confidence interval; 1st year, in the first year of life. Bold font means statistical significance (p < 0.05).

female sex was a significant protective factor for ever asthma
(OR = 0.76, 95% CI 0.66–0.87) and current asthma (0.80; 0.68–
0.93). The largest OR of personal factors was observed for the
association between more than once paracetamol use per month
within the past year and current asthma (2.95; 2.10–4.16). More
than once paracetamol use per year and per month were both
associated with current asthma in a dose–response manner.
Strong and significant associations were also seen for antibiotic
use in the first year of life (2.19; 1.84–2.60), paracetamol use in
the first year of life (1.61; 1.36–1.91), history of allergic rhinitis
(2.80; 2.33–3.36), history of eczema (1.90; 1.60–2.26), and history

of food allergy (2.34; 1.96–2.80) with current asthma; similarly,
significant associations were observed between these factors and

ever asthma.
Both maternal and paternal rhinitis, asthma, and eczema were

significantly associated with ever asthma and current asthma.
Among the hereditary factors shown in Table 2, the strongest

association was seen between paternal asthma and current
asthma (7.19; 4.92–10.53). Maternal asthma had the second
strongest association with current asthma (5.47; 3.59–8.34).

Environmental Factors Associated With
Asthma Symptoms by Univariate Analyses
Among environmental factors shown in Table 3, dampness at
home had the strongest associations with ever asthma (1.90;
1.51–2.40) and current asthma (2.10; 1.62–2.71). Both pets
at home in the first year of life and pets at home in the
past year were associated with current asthma, with ORs of
(1.33, 1.09–1.63) and (1.42; 1.14–1.78), respectively. Additionally,
smoke exposure at home was associated with a significantly
increased risk of ever asthma (1.19; 1.02–1.39) and current
asthma (1.24; 1.04–1.47). Cleaning the house once a week and
once a month were significantly associated with the increased
risk of current asthma with ORs of (1.26; 1.02–1.56) and
(1.90; 1.16–3.12), respectively. Occasional, frequent, and almost
constant truck traffic were significantly associated with the
increased risk of current asthma with ORs of (1.24; 1.01–
1.52), (1.75; 1.31–2.33), and (1.59; 1.07–2.38), respectively.
Using the floor heating system showed significant associations
with ever asthma 1.42 (1.16, 1.74) and current asthma (1.32;
1.04–1.68). Solid wood flooring turned out to be a protective
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TABLE 3 | Environmental factors for asthma symptoms by univariate analyses.

Environmental factors Ever asthma Current asthma

OR (95% CI) p OR (95% CI) p

Smoking exposure at home 1.19 (1.02, 1.39) 0.024 1.24 (1.04, 1.47) 0.018

Pets at home 1.33 (1.12, 1.58) 0.001 1.33 (1.09, 1.63) 0.005

Pets at home (1st year) 1.32 (1.08, 1.60) 0.006 1.42 (1.14, 1.78) 0.002

Dampness or mildew 1.90 (1.51, 2.40) <0.001 2.10 (1.62, 2.71) <0.001

Infrequent house cleaning

Everyday 1.00 1.00

Twice/week 1.16 (0.98, 1.39) 0.089 1.10 (0.89, 1.35) 0.368

Once/week 1.31 (1.09, 1.57) 0.004 1.26 (1.02, 1.56) 0.032

Once/two week 1.59 (1.09, 2.32) 0.015 1.46 (0.95, 2.27) 0.087

Once/month 1.44 (0.90, 2.32) 0.133 1.90 (1.16, 3.12) 0.011

<Once/month 1.43 (0.80, 2.53) 0.224 1.46 (0.76, 2.78) 0.256

Truck traffic in residential streets

Never 1.00 1.00

Occasionally 1.43 (1.19, 1.72) <0.001 1.24 (1.01, 1.52) 0.044

Frequently 1.85 (1.43, 2.39) <0.001 1.75 (1.31, 2.33) <0.001

Almost always 1.62 (1.13, 2.32) 0.008 1.59 (1.07, 2.38) 0.023

Heating

Electric heating 0.92 (0.78, 1.09) 0.330 0.96 (0.80, 1.17) 0.707

Floor heating system 1.42 (1.16, 1.74) 0.001 1.32 (1.04, 1.68) 0.022

Cooking

Electric cooking 1.15 (0.97, 1.36) 0.119 1.05 (0.86, 1.29) 0.633

Gas cooking 0.93 (0.76, 1.14) 0.486 0.96 (0.76, 1.21) 0.722

Floor

Solid wood flooring 0.86 (0.75, 1.00) 0.045 0.89 (0.75, 1.05) 0.176

Laminated flooring 1.23(1.06, 1.44) 0.007 1.17 (0.98, 1.40) 0.077

Wall

Emulsion paint 1.18 (1.03, 1.35) 0.018 1.04 (0.89, 1,22) 0.610

Wallpaper 0.99 (0.84, 1.16) 0.877 1.04 (0.86, 1.25) 0.710

OR, odds ratio; CI, confidence interval; 1st year, in the first year of life. Bold font means statistical significance (p < 0.05).

factor for ever asthma (0.86; 0.75–1.00), while laminated
flooring was a significant risk factor (1.23; 1.06–1.44). The
use of emulsion paint was significantly associated with ever
asthma (1.18; 1.03–1.35).

Adjusted Risk Factors for Asthma
Symptoms
Table 4 presents adjusted risk factors for asthma symptoms
analyzed by multivariate logistic regression analyses. The
associations for both maternal and paternal rhinitis and asthma
were maintained, although evidences of differences slightly
decreased, and parental eczema was found to be a non-significant
factor. The strongest associations were likewise between paternal
asthma and ever asthma (4.89; 3.23–7.40) and current asthma
(5.91; 3.87–9.01). Female sex had a significant protective effect,
and the association between female sex and ever asthma was
slightly weaker after adjusting for confounders (0.82; 0.70–0.96).
Furthermore, there were significant associations between history
of allergic rhinitis (1.89; 1.52–2.34), history of eczema (1.34; 1.09–
1.64), history of food allergy (1.68; 1.37–2.06), antibiotic use
in the first year of life (1.53; 1.25–1.87), and current asthma.

These factors were significantly associated with ever asthma as
well. Interestingly, a dose–response effect was observed between
the frequency of paracetamol use and asthma symptoms. The
aOR of more than once paracetamol use per year with current
asthma was 1.29, while the aOR of more than once paracetamol
use per month with current asthma was 2.06. The effect was
similarly seen between paracetamol use within the past year and
ever asthma. Among environmental factors, dampness in the
house remained significantly associated with ever asthma (1.50;
1.15–1.97) and current asthma (1.63; 1.21–2.19). Floor heating
system was significantly associated with ever asthma (1.57; 1.25–
1.98) and current asthma (1.36; 1.04–1.78). In contrast, smoke
exposure at home, pets at home, and heavy truck traffic lost
significance in the multivariate model.

The Prevalence and Risk Factors for
Asthma Symptoms Stratified by
Community
Previous studies have reported the differences in the prevalence
of allergic diseases between urban and rural areas. The Yangpu
district in our study is a characteristic one in which old
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TABLE 4 | Adjusted associations between risk factors and asthma symptoms by multivariate analyses.

Factors Ever asthma Current asthma

aOR (95% CI) p aOR (95% CI) p

Community 1.03 (1.01, 1.06) 0.008 1.03 (1.01, 1.06) 0.019

Sex

Male 1.00 1.00

Female 0.82 (0.70, 0.96) 0.012 0.85 (0.71, 1.01) 0.069

History of allergic rhinitis 1.86 (1.53, 2.25) <0.001 1.89 (1.52, 2.34) <0.001

History of eczema 1.30 (1.09, 1.56) 0.004 1.34 (1.09, 1.64) 0.005

History of food allergy 1.57 (1.31, 1.89) <0.001 1.68 (1.37, 2.06) <0.001

Antibiotics use (1st year) 1.68 (1.41, 2.00) <0.001 1.53 (1.25, 1.87) <0.001

Paracetamol use (1st year) 1.26 (1.06, 1.51) 0.010 1.21 (0.99,1.48) 0.060

Frequency of paracetamol use

Never 1.00 1.00

>Once/year 1.16 (0.91, 1.47) 0.223 1.29 (0.97, 1.71) 0.077

>Once/month 1.44 (1.01, 2.04) 0.043 2.06 (1.39, 3.04) <0.001

Maternal rhinitis 2.18 (1.71, 2.78) <0.001 1.94 (1.48, 2.54) <0.001

Maternal asthma 4.06 (2.57, 6.41) <0.001 3.85 (2.40, 6.17) <0.001

Maternal eczema 1.37 (0.94, 2.00) 0.104 1.42 (0.93, 2.16) 0.104

Paternal rhinitis 1.76 (1.39, 2.22) <0.001 1.67 (1.29, 2.16) <0.001

Paternal asthma 4.89 (3.23, 7.40) <0.001 5.91 (3.87, 9.01) <0.001

Smoking exposure at home 1.05 (0.88, 1.25) 0.558 1.10 (0.91, 1.35) 0.328

Pets at home 1.12 (0.88, 1.41) 0.358 1.09 (0.83, 1.42) 0.550

Pets at home (1st year) 1.07 (0.82, 1.40) 0.614 1.13 (0.83, 1.52) 0.438

Dampness or mildew 1.50 (1.15, 1.97) 0.003 1.63 (1.21, 2.19) 0.001

Cleaning house

Everyday 1.00 1.00

Twice/week 1.24 (1.02, 1.51) 0.031 1.12 (0.89, 1.40) 0.334

Once/week 1.34 (1.09, 1.64) 0.006 1.24 (0.98, 1.57) 0.080

Once/two week 1.59 (1.04, 2.43) 0.031 1.49 (0.92, 2.41) 0.108

Once/month 1.24 (0.70, 2.20) 0.458 1.62 (0.90, 2.91) 0.111

<Once/month 1.36 (0.70, 2.63) 0.362 1.20 (0.56, 2.55) 0.641

Truck traffic in home’s street

Never 1.00 1.00

Occasionally 1.15 (0.93, 1.41) 0.193 0.98 (0.77, 1.24) 0.862

Frequently 1.17 (0.87, 1.58) 0.304 1.10 (0.79, 1.53) 0.582

Almost always 1.32 (0.89, 1.96) 0.172 1.22 (0.78, 1.90) 0.388

Floor heating system 1.57 (1.25, 1.98) <0.001 1.36 (1.04, 1.78) 0.025

Floor

Solid wood 0.98 (0.71, 1.35) 0.900 0.94 (0.66, 1.35) 0.741

Laminated flooring 1.06 (0.75, 1.49) 0.730 0.94 (0.64, 1.39) 0.762

Emulsion paint 1.14 (0.98, 1.33) 0.098 1.00 (0.84, 1.20) 0.999

aOR, adjusted odds ratio; CI, confidence interval; 1st year, in the first year of life. Odds ratios shown in the table were adjusted for all other risk/protective factors listed by multivariate

logistic regression. Bold font means statistical significance (p < 0.05).

communities and modern areas exist. The above data in Table 4

showed that community was an independent risk factor for
asthma symptoms; to be specific, significant associations between
community and ever asthma (P = 0.008) and current asthma
(P = 0.019) were observed from the data of multivariate
logistic regression analyses, indicating that the prevalence of

asthma symptoms varied between communities. Consequently,
we assessed the prevalence of asthma symptoms stratified by

community (Figure 1). In general, the prevalence of asthma
symptoms in the Xinjiangwan community and the Jiangpu

community was higher than that in other communities, especially
than that in the Daqiao community, Dinghai community,
and Wujiaochang community. For instance, the prevalence of

ever asthma in the Daqiao community, Dinghai community,
Wujiaochang community, Xinjiangwan community, and Jiangpu
community was 10.6, 10.6, 13.2, 20.2, and 17.7%, respectively,

while the prevalence of current asthma was 7.5, 5.6, 9.7,
14.5 and 13.4%, respectively (specific data can be found in

the Supplementary Materials). Interestingly, the Xinjiangwan
community and the Jiangpu community, which had a higher
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FIGURE 1 | The prevalence of asthma symptoms stratified by community. The heatmap displays the differential prevalence of asthma symptoms across the

communities. Blue represents low value, and red represents high value. (1) Daqiao community, (2) Dinghai community, (3) Jiangpu community, (4) Kongjiang

community, (5) Pingliang community, (6) Siping community, (7) Wujiaochang community, (8) Xinjiangwan community, (9) Yanji community, (10) Yinhang community,

(11) Changbai community, and (12) Changhai community.

TABLE 5 | The significant risk factors for current asthma in old and new communities analyzed by univariate analyses.

Factors Old communities New communities

OR (95% CI) p OR (95% CI) p

History of allergic rhinitis 3.14 (2.01, 4.90) <0.001 2.19 (1.46, 3.30) <0.001

History of eczema 1.68 (1.09, 2.60) 0.020 2.40 (1.67, 3.46) <0.001

History of food allergy 3.14 (2.04, 4.84) <0.001 2.33 (1.59, 3.42) <0.001

Antibiotic use (1st year) 1.87 (1.20, 2.90) 0.005 2.30 (1.58, 3.34) <0.001

Paracetamol use (1st year) 1.41 (0.92, 2.15) 0.119 2.04 (1.41, 2.95) <0.001

Frequency of paracetamol use 1.79 (1.18, 2.72) 0.006 1.58 (1.07, 2.33) 0.022

Maternal rhinitis 3.49 (1.93, 6.31) <0.001 2.49 (1.51, 4.13) <0.001

Maternal asthma 6.56 (2.16, 19.92) 0.001 5.87 (2.34, 14.70) <0.001

Paternal rhinitis 3.45 (2.03, 5.83) <0.001 2.08 (1.27, 3.41) 0.004

Paternal asthma 8.05 (3.67, 17.65) <0.001 6.69 (3.04, 14.74) <0.001

Dampness or mildew 2.95 (1.72, 5.08) <0.001 1.57 (0.88, 2.80) 0.123

Infrequent house cleaning 1.20 (1.04, 1.39) 0.016 1.05 (0.89, 1.24) 0.536

Truck traffic in residential streets 1.32 (1.03, 1.68) 0.028 1.25 (0.98, 1,59) 0.068

Floor

Solid wood flooring 0.83 (0.56, 1.25) 0.378 0.68 (0.47, 0.98) 0.039

Laminated flooring 1.34 (0.87, 2.06) 0.190 1.54 (1.06, 2.26) 0.025

OR, odds ratio; CI, confidence interval; 1st year, in the first year of life. Bold font means statistical significance (p < 0.05).

prevalence of asthma symptoms, are more modern and

developed areas in the Yangpu district, while the Daqiao
community, the Dinghai community, and the Wujiaochang
community are older and less developed communities. Thus,

these communities were selected as representative of new and

old communities.
Table 5 shows the ORs and 95% CIs of significant risk

factors for current asthma in old and new communities analyzed
by univariate logistic regression. Considering that the ORs of

genetic factors in old communities were higher than those
in new communities, the associations between genetic factors

and current asthma were stronger in old communities. The
associations of dampness at home (2.95; 1.72–5.08), infrequent
house cleaning (1.20; 1.04–1.39), and truck traffic in residential
streets (1.32; 1.03–1.68) with current asthma were significant
only in old communities; in contrast, the significant associations
of solid wood flooring (0.68; 0.47–0.98) and laminated flooring
(1.54; 1.06–2.26) with current asthma were only observed in new
communities.

DISCUSSION

Our study found that the prevalence of ever asthma and current
asthma in Shanghai (Southeastern China) was 16.0 and 11.2%,
respectively, 2.4-fold and 3.4-fold higher than those in Shanghai
during the 1994 ISAAC I study (8). According to the ISAAC III
study in 2002, there were regional differences in the prevalence of
current asthma in children aged 6–7 (Indian subcontinent: 6.8%,
Asia-Pacific: 9.5%, Western Europe: 9.6%, Africa: 10%, Latin
America: 17.3%) (9). A study in 2007 found that the prevalence
of ever asthma and current asthma among children aged 2–6
years in mainland China was 8.1 and 3.4%, respectively (10). Our
data showed that the prevalence of asthma has increased among
preschool children in Shanghai over the past three decades.
Furthermore, heterogeneity was observed in the prevalence
of asthma among 12 communities. The highest prevalence of
lifetime asthma and current asthma was seen in the Xinjiangwan
community (20.2% and 14.5%), 1.9- and 2.6-fold higher than that
in the Dinghai community, which had the lowest prevalence.
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Interestingly, a higher incidence appeared to occur in more
developed and newer communities, in accordance with the
points that industrialization increased the risk of allergic disease,
and children in urban areas were more prone to allergic-
related diseases (11). Therefore, we classified the population by
community, and logistic regression analyses revealed that, among
environmental factors, solid wood flooring was a protective
factor for current asthma and laminated flooring was a risk
factor only in new and developed communities. One possible
explanation is that the houses in new communities are more
likely to be decorated recently and contain new furniture, which
could aggravate indoor air pollution. Huang et al. revealed that
indoor painting and purchasing new furniture could increase
the concentration of volatile chemicals in the house, especially
formaldehyde (12). Rumchev et al. reported that domestic
exposure to formaldehyde increased the risk of childhood asthma
(13). In contrast, our data showed dampness at home, cleaning
the house infrequently, and heavy truck traffic only significantly
increased the risk of asthma symptoms in old communities,
which was consistent with a cross-sectional study in Turkey
conducted by Kurt and colleagues. They found that dampness
and visible molds increased the risk of allergic diseases, especially
in rural areas (14). In addition, the reason why the effect of
heavy traffic on asthma symptoms was only observed in old
communities could be that new communities often have better
infrastructure with underground parking garages in Shanghai,
while parking areas in old communities are usually on the
ground, which could cause more truck traffic. These results
indicated that children living in different types of communities
had differentiated patterns of risk factors, and differential
interventions should be taken to prevent asthma.

In our study, boys experienced a higher prevalence of asthma
symptoms in both univariate and multivariate logistic regression
analyses. Similar results have been found in other studies (15).
A potential explanation is the anatomical differences between
boys and girls. Interestingly, the trend changes along with age.
The incidence of asthma in boys did not increase during puberty
and eventually declined at the end of adolescence, while the
prevalence and severity in girls began rising at the age of 9–10
(16, 17). Sex hormones may play a crucial role in this change. In
our multivariate logistic regression analyses, paracetamol use was
an independent risk factor, whether in the first year of life or the
last year, and this significant association was observed in a dose-
dependent manner. In addition, antibiotics use during infancy
was significantly associated with asthma. The first year of life is
a critical period for the development of a child’s immune system,
and the gut microbiota plays a vital role in this process; however,
antibiotic intake may lead to the disturbance of intestinal flora,
which can cause an imbalance of the immune system and result
in the development of asthma (18). Accordingly, the unnecessary
and irrational prescription of paracetamol and antibiotics should
be reduced.

Genetic risk factors play a more crucial role in childhood-
onset asthma than in adult-onset asthma (19). Therefore, our
study comprehensively analyzed the effect of parental allergic
history on childhood asthma symptoms and found that both
maternal and paternal atopy, including asthma and rhinitis,

increased the risk of childhood asthma in both univariate
and multivariate logistic regression analyses, which could be
explained by in utero exposures, hormone differences, and
genetic imprinting (20, 21). A meta-analysis found that the OR
for asthma in children whose mothers had asthma compared to
mothers without asthma was 3.0, while the corresponding OR
for asthma in children of asthmatic fathers was 2.4 (22). Lim et
al. reported that inflammatory cytokines could be transmitted
through the placenta, modifying the fetal immune system (23).
Children receiving breast milk with higher levels of leptin and
insulin had an increased risk of developing asthma before the
age of 3 years (24). However, in our study, a stronger association
was observed between paternal asthma and current asthma
(5.91; 3.87–9.01), compared to maternal asthma (3.85; 2.40–
6.17), which is consistent with previous studies (25–28). The
maternal effect on childhood asthma may be caused by genetic or
environmental factors shared in utero, while the paternal effect
on childhood asthma is more likely due to genetics (29). An
Australian study demonstrated that a region on chromosome 7p
was tightly associated with asthma, and the linkage was paternally
derived (30).

In the previous studies, the association between
environmental factors and asthma has been less consistent
(6). In the present study, dampness or mildew at home was
an independent risk factor, with aORs of 1.50 and 1.63 for
ever asthma and current asthma, respectively, in line with
previous studies in recent years (31, 32). A recent case–control
study in Uganda has demonstrated that schoolchildren who
lived in areas with frequent truck traffic were 2.59-fold more
likely to have asthma symptoms (33). It is generally accepted
that tobacco smoke and particle pollution facilitate allergic
sensitization to common allergens and increase the tendency of
allergy (34). Smoking exposure and truck traffic were significant
factors in our univariate analyses, but failed to be significant in
the multivariate analyses. The significance was lost, probably
because we did not stratify the factor according to the level
and period of smoke exposure. A previous study demonstrated
that household smoke exposure increased the risk for asthma
symptoms among primary school students in a dose–response
manner (35). The level of smoke exposure was closely associated
with asthma outcomes. It was reported that only heavy maternal
smoking (more than 20 cigarettes per day) during pregnancy
was significantly associated with the increased risk of adolescent
asthma symptoms (36). Besides, the effects of smoke exposure
in different periods were explored in previous studies. A birth
cohort study over a 3-year period revealed that prenatal maternal
smoking significantly increased the risk for wheezing illness
with the incidence rate ratio of 2.09, while the incidence rate
ratio of postnatal maternal smoking was 1.27 (37). A recent
meta-analysis also showed that prenatal smoke exposure had
a greater negative effect on childhood asthma than postnatal
exposure (38). Accordingly, failure to stratify smoke exposure by
extent and period may contribute to the insignificant difference
in our multivariate analyses.

The present study has several strengths and limitations.
Firstly, this was a cross-sectional study, and the investigation of
casual connections between risk factors and asthma was limited.
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The questionnaires may be subject to recall bias. However, cross-
sectional studies are ideally suited for assessing the prevalence
of asthma, which was a major concern of this study. Besides,
the ISAAC questionnaire used in this study has been extensively
validated in different countries. Secondly, only one district was
included in our study, and this single-center nature may weaken
the representativeness of our data. However, the Yangpu district
is a characteristic district that contains old communities and
modern areas, so we classified the population by community and
explored the differences in risk factors for asthma in old and new
communities. Moreover, the response rate was excellent, and thus
the reported prevalence was comprehensive.

Overall, the present cross-sectional epidemiological study
found that the prevalence of asthma symptoms among children
aged 3–6 years has increased in Shanghai during the past three
decades. The identified risk and protective factors suggested that
genetic, personal, and environmental factors had a combined
effect on asthma symptoms among preschool children. Among
modifiable factors, antibiotic use, and paracetamol use in the first
year of life, current paracetamol use, and dampness at home were
independent risk factors for asthma. Additionally, the patterns
of risk factors for asthma were different between old and new
communities; consequently, differentiated strategies should be
taken to help families and healthcare specialists prevent asthma
and its attacks.

DATA AVAILABILITY STATEMENT

The original data of this study are available from the
corresponding author, upon reasonable request.

AUTHOR CONTRIBUTIONS

YB designed the study, drafted the original version, and
confirmed the final manuscript when submitted. JR, JX,
and PZ conducted the survey and collected data. JR and
PZ performed data disposal and analyses. JR completed
the original manuscript. All authors have reviewed and
corrected the manuscript, approved the submission of the
final manuscript, and take responsibility for the content of
this study.

FUNDING

This work was supported by the National Natural Science
Foundation of China (Grant Number: 81870024). The funders
were not involved in any process of this study.

ACKNOWLEDGMENTS

We sincerely thank the children and parents who took part in our
research and the staff of kindergartens who generously provided
the coordination and assistance.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fped.
2021.793452/full#supplementary-material

REFERENCES

1. Ellwood P, Asher MI, Billo NE, Bissell K, Chiang CY, Ellwood EM,

et al. The Global Asthma Network rationale and methods for Phase

I global surveillance: prevalence, severity, management and risk

factors. Eur Respir J. (2017) 49:1601–05. doi: 10.1183/13993003.0160

5-2016

2. Martinez FD, Wright AL, Taussig LM, Holberg CJ, Halonen M, Morgan WJ.

Asthma and wheezing in the first six years of life. The Group Health Medical

Associates. N Engl J Med. (1995) 332:133–8. doi: 10.1056/NEJM1995011933

20301

3. National Cooperative Group on Childhood Asthma, Institute of

Environmental Health and Related Product Safety Chinese Center for

Disease Control and Prevention, Chinese Center for Disease Control

and Prevention. Third nationwide survey of childhood asthma in

urban areas of China. Zhonghua Er Ke Za Zhi. (2013) 51:729–35.

doi: 10.3760/cma.j.issn.0578-1310.2013.10.003

4. Ducharme FT, SM Chauhan, B. Diagnosis, management, and

prognosis of preschool wheeze. Lancet. (2014) 383:1593–

604. doi: 10.1016/S0140-6736(14)60615-2

5. Asher MI, Montefort S, Björkstén B, Lai CK, Strachan DP, Weiland SK,

et al. Worldwide time trends in the prevalence of symptoms of asthma,

allergic rhinoconjunctivitis, and eczema in childhood: ISAAC Phases One and

Three repeat multicountry cross-sectional surveys. Lancet. (2006) 368:733–

43. doi: 10.1016/S0140-6736(06)69283-0

6. Castro-Rodriguez JA, Forno E, Rodriguez-Martinez CE, Celedón JC. Risk

and protective factors for childhood asthma: what is the evidence? J

Allergy Clin Immunol Pract. (2016) 4:1111–22. doi: 10.1016/j.jaip.2016.

05.003

7. Ellwood P, Williams H, Aït-Khaled N, Björkstén B, Robertson C.

Translation of questions: the International Study of Asthma and Allergies

in Childhood (ISAAC) experience. Int J Tuberc Lung Dis. (2009) 13:1174–

82. Available online at: https://www.ingentaconnect.com/content/iuatld/ijtld/

2009/00000013/00000009/art00021

8. The International Study of Asthma Allergies in Childhood (ISAAC) Steering

Committee. Worldwide variation in prevalence of symptoms of asthma,

allergic rhinoconjunctivitis, atopic eczema: ISAAC. Lancet. (1998) 351:1225–

32. doi: 10.1016/S0140-6736(97)07302-9

9. Lai CK, Beasley R, Crane J, Foliaki S, Shah J, Weiland S. Global variation

in the prevalence and severity of asthma symptoms: phase three of the

International Study of Asthma and Allergies in Childhood (ISAAC). Thorax.

(2009) 64:476–83. doi: 10.1136/thx.2008.106609

10. Wong GW, Leung TF, Ma Y, Liu EK, Yung E, Lai CK. Symptoms of asthma

and atopic disorders in preschool children: prevalence and risk factors. Clin

Exp Allergy. (2007) 37:174–9. doi: 10.1111/j.1365-2222.2007.02649.x

11. Levin ME, Botha M, Basera W, Facey-Thomas HE, Gaunt B, Gray CL, et

al. Environmental factors associated with allergy in urban and rural children

from the South African Food Allergy (SAFFA) cohort. J Allergy Clin Immunol.

(2020) 145:415–26. doi: 10.1016/j.jaci.2019.07.048

12. Huang S, Wei W, Weschler LB, Salthammer T, Kan H, Bu Z, et al.

Indoor formaldehyde concentrations in urban China: preliminary study of

some important influencing factors. Sci Total Environ. (2017) 590–1:394–

405. doi: 10.1016/j.scitotenv.2017.02.187

13. Rumchev KB, Spickett JT, Bulsara MK, Phillips MR, Stick SM. Domestic

exposure to formaldehyde significantly increases the risk of asthma in young

children. Eur Respir J. (2002) 20:403–8. doi: 10.1183/09031936.02.00245002

14. Kurt E, Metintas S, Basyigit I, Bulut I, Coskun E, Dabak S, et al.

Prevalence and Risk Factors of Allergies in Turkey (PARFAIT): results of

Frontiers in Pediatrics | www.frontiersin.org 9 February 2022 | Volume 9 | Article 793452

https://www.frontiersin.org/articles/10.3389/fped.2021.793452/full#supplementary-material
https://doi.org/10.1183/13993003.01605-2016
https://doi.org/10.1056/NEJM199501193320301
https://doi.org/10.3760/cma.j.issn.0578-1310.2013.10.003
https://doi.org/10.1016/S0140-6736(14)60615-2
https://doi.org/10.1016/S0140-6736(06)69283-0
https://doi.org/10.1016/j.jaip.2016.05.003
https://www.ingentaconnect.com/content/iuatld/ijtld/2009/00000013/00000009/art00021
https://www.ingentaconnect.com/content/iuatld/ijtld/2009/00000013/00000009/art00021
https://doi.org/10.1016/S0140-6736(97)07302-9
https://doi.org/10.1136/thx.2008.106609
https://doi.org/10.1111/j.1365-2222.2007.02649.x
https://doi.org/10.1016/j.jaci.2019.07.048
https://doi.org/10.1016/j.scitotenv.2017.02.187
https://doi.org/10.1183/09031936.02.00245002
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Ren et al. Epidemiology of Asthma in Children

a multicentre cross-sectional study in adults. Eur Respir J. (2009) 33:724–

33. doi: 10.1183/09031936.00082207

15. Guo X, Li Z, Ling W, Long J, Su C, Li J, et al. Epidemiology of childhood

asthma in mainland China (1988-2014): a meta-analysis. Allergy Asthma Proc.

(2018) 39:15–29. doi: 10.2500/aap.2018.39.4131

16. Fu L, Freishtat RJ, Gordish-Dressman H, Teach SJ, Resca L, Hoffman

EP, et al. Natural progression of childhood asthma symptoms and strong

influence of sex and puberty. Ann Am Thorac Soc. (2014) 11:939–

44. doi: 10.1513/AnnalsATS.201402-084OC

17. Vink NM, Postma DS, Schouten JP, Rosmalen JG, Boezen HM. Gender

differences in asthma development and remission during transition through

puberty: the TRacking Adolescents’ Individual Lives Survey (TRAILS) study.

J Allergy Clin Immunol. (2010) 126:498–504. doi: 10.1016/j.jaci.2010.06.018

18. Patrick DM, Sbihi H, Dai DLY, Al Mamun A, Rasali D, Rose C, et al.

Decreasing antibiotic use, the gut microbiota, and asthma incidence in

children: evidence from population-based and prospective cohort studies.

Lancet Respir Med. (2020) 8:1094–105. doi: 10.1016/S2213-2600(20)30052-7

19. Pividori M, Schoettler N, Nicolae DL, Ober C, Im HK. Shared and distinct

genetic risk factors for childhood-onset and adult-onset asthma: genome-

wide and transcriptome-wide studies. Lancet Respir Med. (2019) 7:509–

22. doi: 10.1016/S2213-2600(19)30055-4

20. Marques AH, O’Connor TG, Roth C, Susser E, Bjørke-Monsen

AL. The influence of maternal prenatal and early childhood

nutrition and maternal prenatal stress on offspring immune system

development and neurodevelopmental disorders. Front Neurosci. (2013)

7:120. doi: 10.3389/fnins.2013.00120

21. Stokholm J, Blaser MJ. Maturation of the gut microbiome and risk of asthma

in childhood. Nat Commun. (2018) 9:141. doi: 10.1038/s41467-018-03150-x

22. Lim RH, Kobzik L, Dahl M. Risk for asthma in offspring of

asthmatic mothers versus fathers: a meta-analysis. PLoS ONE. (2010)

5:e10134. doi: 10.1371/journal.pone.0010134

23. Lim RH, Kobzik L. Maternal transmission of asthma risk. Am J

Reprod Immunol. (2009) 61:1–10. doi: 10.1111/j.1600-0897.2008.

00671.x

24. Chan D, Becker AB, Moraes TJ, Mandhane PJ, Sears MR, Turvey SE, et al.

Sex-specific association of human milk hormones and asthma in the CHILD

cohort. Pediatr Allergy Immunol. (2020) 31:570–73. doi: 10.1111/pai.13219

25. Joseph M, Zoubeidi T, Al-Dhaheri SM, Al-Dhaheri AA, Al-Dhaheri

AA, Al-Kaabi FM, et al. Paternal asthma is a predictor for childhood

asthma in the consanguineous families from the United Arab

Emirates. J Asthma. (2009) 46:175–8. doi: 10.1080/02770900802

604095

26. Ly NP, Soto-Quirós ME, Avila L, Hunninghake GM, Raby BA, Laskey D,

et al. Paternal asthma, mold exposure, and increased airway responsiveness

among children with asthma in Costa Rica. Chest. (2008) 133:107–

14. doi: 10.1378/chest.07-2130

27. Raby BA, Van Steen K, Celedón JC, Litonjua AA, Lange C, Weiss ST.

Paternal history of asthma and airway responsiveness in children with asthma.

Am J Respir Crit Care Med. (2005) 172:552–8. doi: 10.1164/rccm.200501-

010OC

28. Litonjua AA, Carey VJ, Burge HA, Weiss ST, Gold DR. Parental history and

the risk for childhood asthma. Does mother confer more risk than father?

Am J Respir Crit Care Med. (1998) 158:176–81. doi: 10.1164/ajrccm.158.1.

9710014

29. Ly NP, Celedón JC. Family history, environmental exposures in early

life, and childhood asthma. J Allergy Clin Immunol. (2007) 120:271–

2. doi: 10.1016/j.jaci.2007.05.045

30. Leaves NI, Bhattacharyya S,Wiltshire S, CooksonWO. A detailed genetic map

of the chromosome 7 bronchial hyper-responsiveness locus. Eur J HumGenet.

(2002) 10:177–82. doi: 10.1038/sj.ejhg.5200787

31. Cai J, Li B, Yu W, Yao Y, Wang L, Li B, et al. Associations of household

dampness with asthma, allergies, and airway diseases among preschoolers in

two cross-sectional studies in Chongqing, China: repeated surveys in 2010 and

2019. Environ Int. (2020) 140:105752. doi: 10.1016/j.envint.2020.105752

32. Wang J, Zhao Z, Zhang Y, Li B, Huang C, Zhang X, et al. Asthma, allergic

rhinitis and eczema among parents of preschool children in relation to

climate, and dampness and mold in dwellings in China. Environ Int. (2019)

130:104910. doi: 10.1016/j.envint.2019.104910

33. Mpairwe H, Nkurunungi G. Risk factors associated with rhinitis, allergic

conjunctivitis and eczema among schoolchildren in Uganda. Clin Exp Allergy.

(2021) 51:108–19. doi: 10.1111/cea.13769
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