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Abstract

Background: Childhood asthma and allergic diseases are a significant global problem. There are inconsistent find-
ings on the associations of delivery mode, the number of children in the household and breastfeeding with child-
hood asthma and allergic diseases. We assessed these associations and examined whether breastfeeding modified
the effects of neonatal and familial risk factors on childhood asthma and allergic diseases.

Methods: A population-based cross-sectional study was conducted in Shanghai, China. A total of 17 primary schools
were randomly selected from 13 districts of Shanghai in this study. The International Study of Asthma and Allergies

in Childhood questionnaire was adopted to assess the childhood asthma and allergic diseases. Multivariable logis-

tic regression models were used to evaluate the associations between neonatal and familial factors and childhood
asthma and allergic diseases, and to examine the modification effects of breastfeeding on the associations assessed.

Results: Of 10,464 primary school children aged 611 years, the overall prevalence of childhood asthma, allergic
rhinitis, urticaria, food allergy and drug allergy was 13.9,22.7, 15.3, 8.1 and 4.6%, respectively. Male sex, high socio-
economic status, cesarean section delivery, only one child in the household and having family history of allergy
were associated with increased odds ratio (OR) of childhood asthma and allergic diseases while longer breastfeeding
duration (>6 months) was inversely associated with these diseases. Longer breastfeeding duration also attenuated
the OR of neonatal and familial risk factors on childhood asthma and allergic diseases. For instance, the adjusted OR
of childhood asthma in the group of vaginal delivery and breastfeeding duration > 6 months was lowest (0.78, 95%
confidence interval: 0.66, 0.92).

Conclusions: Longer breastfeeding duration was inversely associated with childhood asthma and allergic diseases,
and also reduced the OR of neonatal and familial risk factors on these diseases. Giving the prevalence of childhood
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asthma and allergic diseases is rapidly rising across the globe, these findings may have important clinical and public

health implications.

Keywords: Asthma, Allergic disease, Association, Breastfeeding, Children

Introduction

The prevalence of childhood asthma and allergic dis-
eases has elevated worldwide in the past 3 decades. For
instance, the International Study of Asthma and Aller-
gies in Childhood (ISAAC) phase 3 showed a signifi-
cant increase in the prevalence of childhood asthma and
allergic rhinitis (AR) in most of Asia—Pacific region from
2001 to 2010 [1]. With population and economic growth
and urbanization, China has been experiencing a rapid
increase in the prevalence of childhood asthma and aller-
gic diseases [2-5]. These changes have brought heavy
economic burdens to individuals, families and the society
as a whole.

Mounting evidence suggests that prenatal and neonatal
factors are associated with the development of childhood
asthma and allergic diseases [6—8]. In China, a study con-
ducted in Guangzhou, China found that male sex, high
birth weight, cesarean section (CS) delivery, and only one
child in the household were associated with the risks of
allergic diseases in children aged 6—18 years [8]. Another
study in Shanghai found that CS without medical indica-
tion was associated with increased risks of both child-
hood asthma and AR, and exclusive breastfeeding in the
first six months attenuated these risks [6]. The Allergic
Rhinitis Cohort Study for kids conducted in South Korea
found that long-term breastfeeding (> 12 months) and
a vaginal delivery were associated with a lower risk of
developing childhood AR [7]. However, in two unselected
populations using harmonised protocols in Australia, the
association of CS with developing childhood allergy was
weak, and no modification effects by breastfeeding dura-
tion were found [9].

Knowledge gaps exist in the associations between pre-
natal and neonatal factors and development of childhood
asthma and allergic diseases. To assess these associations,
and to examine whether breastfeeding duration modifies
these associations, we conduct a population-based cross-
sectional study among primary school children aged
6-11 years in Shanghai, the largest metropolitan city in
China.

Materials and methods

Study participants

Shanghai is located in the Yangtze River Delta region,
east of China, E 120°52’-122°12/, N 30°40’-31°53’, which
has over 27 million residents in 2020 [10]. A city-wide

cross-sectional survey was conducted during April-June
2019 across Shanghai. To obtain a representative sample,
a multi-stage and multi-strata sampling approach was
used. Six urban districts (Huangpu, Hongkou, Changn-
ing, Xuhui, Putuo, and Yangpu) and seven suburban/rural
districts (Pudong, Minhang, Jinshan, Songjiang, Qingpu,
Baoshan, and Chongming) were randomly selected using
a random number method from 16 districts of Shanghai
(7 urban districts and 9 suburban/rural districts). Then,
a total of 17 primary schools were randomly selected. As
this project is funded by Shanghai Municipal Govern-
ment, we have gained strong support from all selected
schools. According to the ethical principles, study sub-
jects should be informed of the purpose and content of
the project. Before the epidemiological survey, we had
a meeting with all the principals and head teachers of
selected schools and informed them of the details of the
project (e.g., the purpose, content and procedure of the
project). Then, the principal and the head teacher of each
school informed the parents to let them fully understand
and cooperate with this research. For the data collection,
almost all mothers of the sampled students completed the
questionnaires. Overall, 10,700 participants completed
the questionnaires. After the exclusion of some chil-
dren with inappropriate ages (e.g. <6 years or > 12 years),
10,464 (97.8%) primary school children aged 6-11 years
were finally included in this study.

The ethical application and the consent procedure of
this study were approved by the Ethics Committees of
Shanghai Jiao Tong University School of Medicine and
Shanghai Children’s Medical Center.

Questionnaire

The questionnaire included questions on childhood
asthma and allergic diseases, general characteristics
of children and parents, socioeconomic status (SES),
allergy history of children and their family members,
exposure during pregnancy, children’s lifestyle hab-
its, and home environmental exposures in early life.
The Cronbach’s alpha coefficient of the ISAAC allergic
questionnaire in our sampled children was 0.91. The
intra-class correlation coefficient of retest reliability
at intervals of 2 weeks was 0.94. Validity presented by
Kaiser—Meyer—Olkin test was 0.94. These results show
the high validity of the questionnaire for the primary
school children.
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Assessment of asthma and allergic diseases

The core question of the ISAAC questionnaire was
applied to assess asthma and allergic diseases status [11].
Asthma: Has your child ever been diagnosed with asthma
by a doctor? A similar question was asked for AR, urti-
caria and drug allergy (DA). For food allergy (FA), the
question was: Whether your child has a history of FA (red
lips, rash, abdominal pain, etc. within 2 h after eating)?

Assessment of independent variables

Mode of delivery included vaginal delivery (VD) and cae-
sarean section (CS). Breastfeeding duration was divided
into two groups according to WHO recommendations.
One was exclusive breastfeeding duration <6 months,
and another was exclusive breastfeeding for 6 months,
and continued breast feeding (breastfeeding dura-
tion>6 months). The number of children in household
was categorized as: only one child or not. A question
about family history of allergy was: Does anyone at home
have the following allergic diseases (Asthma, allergic der-
matitis, FA, DA, AR, anaphylactic shock, etc.)? Socioec-
onomic status (SES) was measured as: Do you own the
apartment or not?

Statistical analysis

Statistical descriptions were made utilizing the frequency
and percentage for categorical variables. Pearson’s chi-
squared (y°) test was used to assess the differences among
the prevalence of asthma and allergic diseases between
different groups. Univariate logistic regression model
was used to calculate the unadjusted odds ratios (OR)
and 95% confidence interval (CI) of child’s sex, age, SES,
mode of delivery, breastfeeding duration, only one child
in the household and family history of allergy. Then, mul-
tivariable logistic regression model was performed to cal-
culate adjusted OR (AOR) and 95% CI after adjustment
for putative confounders. Furthermore, the modifica-
tion effects of breastfeeding duration on the associations
between neonatal and familial factors and children’s
allergic diseases were assessed using stratified analyses.
All statistical analyses were conducted using R (version
3.6.3; R Core Team).

Results

In this study, the overall prevalence of childhood asthma,
AR, urticaria, FA and DA was 13.9, 22.7, 15.3, 8.1 and
4.6%, respectively. Table 1 shows the summary statistics
of characteristics among 10,464 primary school chil-
dren aged 6-11 years, and the prevalence rates of asthma
and allergic diseases among different groups. This study
included 5464 (52.2%) boys and 5000 (47.8%) girls, with
higher prevalence of asthma and allergic diseases in
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boys than girls. Average age was 9.2 (standard devia-
tion=2.2) years. The prevalence of asthma, AR, urti-
caria and FA was significantly higher in CS group than
VD group. The prevalence of asthma, AR, urticaria and
DA was significantly lower in the group of breastfeed-
ing duration>6 months, compared to that in the group
of breastfeeding duration <6 months. The prevalence
of childhood asthma and allergic diseases significantly
increased (p<0.001) in the group with higher SES (hav-
ing the home ownership) or with family history of allergy
or with only one child in the household. The prevalence
of childhood asthma and allergic diseases was signifi-
cantly higher in urban or suburban area group compared
with the group of rural.

Univariate and multivariate logistic regression analy-
ses between childhood allergy and independent variables
(Table 2) suggest that boys, higher SES, CS delivery, only
one child in the household and having family history
of allergy increased the OR of childhood allergy, while
longer breastfeeding duration (>6 months) decreased
the OR of childhood allergy. For instance, the AOR
of childhood asthma was 1.53 (95% CI: 1.36, 1.72) for
boys, 1.27 (95% CI: 1.09, 1.47) for higher SES, 1.16 (95%
CI: 1.03, 1.32) for only one child in the household, 2.99
(95% CI: 2.65, 3.36) for having family history of allergy
and 0.84 (95% CI: 0.75, 0.95) for breastfeeding dura-
tion > 6 months. We also did sensitivity analysis of multi-
variate logistic regression after adjustment for residential
area and whether the address changed after birth (Addi-
tional file 1: Table S1). The results were almost the same
with that of Table 2.

Longer breastfeeding duration (>6 months) might
reduce the associations of delivery mode, family his-
tory of allergy, and only one child in the household with
childhood asthma and allergic diseases (Figs. 1, 2, 3). For
childhood asthma, AR and DA, the AOR in the group
of CS and breastfeeding duration>6 months (0.80, 95%
CI: 0.69, 0.93; 0.75, 95% CI: 0.66, 0.86; and 0.76, 95% CL:
0.59, 0.97, respectively) was lower than that in the group
of VD and breastfeeding duration <6 months (0.84, 95%
CI: 0.71, 0.99; 0.97, 95% CI: 0.84, 1.11; and 0.89, 95% CL
0.68, 1.16, respectively) compared to the reference group
of CS and breastfeeding duration <6 months (Fig. 1). It
indicates that breastfeeding duration>6 months might
decrease the AOR of CS on childhood asthma, AR and
DA. The AOR in the group of VD and breastfeeding
duration >6 months was lowest (0.78, 95% CI: 0.66, 0.92)
for childhood asthma.

Similarly, the AOR in the group of breastfeeding dura-
tion>6 months and more than one child in the house-
hold was lowest for childhood asthma (0.72, 95% CI:
0.61, 0.86), AR (0.57, 95% CI: 0.49, 0.67) and DA (0.60,
95% CI: 0.45, 0.80) compared to the reference group of
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breastfeeding duration <6 months and only one child in
the household (Fig. 2).

Furthermore, the AOR in the group of breastfeeding
duration >6 months and without family history of allergy
was lowest for childhood asthma (0.28, 95% CI: 0.24,
0.33), AR (0.19, 95% CI: 0.17, 0.22), urticarial (0.41, 95%
CI: 0.35, 0.48), FA (0.30, 95% CI: 0.24, 0.37) and DA (0.33,
95% CI: 0.25, 0.43) compared with the reference group of
breastfeeding duration <6 months and having family his-
tory of allergy (Fig. 3).

Discussion
In this population-based cross-sectional study, we found
that male sex, high SES, CS delivery, only one child in
the household and having family history of allergy were
associated with increased OR of childhood asthma and
allergic diseases. The longer breastfeeding duration
(>6 months) was inversely associated with childhood
asthma and allergic diseases, and could attenuate the
effects of CS delivery, only one child in the household
and having family history of allergy on childhood asthma
and allergic diseases.

Our findings are consistent with most previous studies
in which CS delivery, only one child in the household and
formula feeding were associated with an increased risk of
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allergic diseases among children [6-8, 12—-18]. Recently, a
systematic review and meta-analysis reported that male
sex, short duration of breastfeeding and having siblings
were risk factors of early transient wheezing among chil-
dren aged 3-18 years [19]. Our findings also show that
male sex and short duration of breastfeeding were asso-
ciated with increased OR of childhood asthma and aller-
gic diseases, but only one child (having no siblings) in
the household was inversely associated with childhood
asthma and allergic diseases. In addition, Chu et al. [6]
reported that breastfeeding attenuated the impacts of CS
on childhood asthma and AR. However, Liao et al. [9]
suggest that the association of CS with developing child-
hood allergy was not modified by breastfeeding duration.
The results from this large epidemiological study provide
supportive evidence that breastfeeding duration modifies
the association between CS and childhood allergy. The
inconsistency between studies may be due to the differ-
ences in geographic locations, study designs and popula-
tion characteristics.

Hygiene or old friends hypotheses involved gut micro-
biota exposure might partly explain the associations of
CS, only one child in the household, and breastfeeding
with childhood asthma and allergic diseases [20]. A meta-
analysis reported an increase in the risk of childhood
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asthma after CS (OR=1.20, 95% CI: 1.14, 12.6) [21].
Birth by CS causes development of the gut microbiota
to be delayed and to take an unusual course [22]. Only
one child, without siblings, also modulates the gut micro-
biota, leading to allergic disorders [23, 24]. However,
breastfeeding could prevent allergy through regulating
infant gut barrier function and microbiota [25], which
may explain why longer breastfeeding duration attenu-
ated the AOR of CS and only one child in the household
on childhood asthma and allergic diseases. CS might
boost inflammatory responses, affect bronchial epithe-
lial barrier function, or associate with the metabolic syn-
drome, or both. In turn, breastfeeding could strengthen
bronchial epithelial barrier function and boost innate
immunity and regulatory immune responses [26].

Similar to previous studies [2, 17, 19, 27-29], we found
that family history of allergy was strongly associated with
increased OR of childhood asthma and allergic diseases.
Longer breastfeeding duration could reduce these ORs.
The World Health Organization issued a recommenda-
tion that mothers should breastfeed their children exclu-
sively for 6 months at least [30]. Exclusive breastfeeding
is the internationally preferred method of feeding babies
during their first 6 months of life, and is recognized as

one of the most natural and best forms of preventive
medicine. Our findings provide some evidence for sup-
porting this idea — viz., exclusive breastfeeding for at
least 6 months and continued breastfeeding for longer
will likely reduce the occurrence of childhood allergy.

There are three major strengths in this study. First, a
representative sample was obtained through a stringent
multi-stage and multi-strata random sampling approach.
Second, this large scale population-based cross-sectional
study achieved a high response rate (>95%), so selection
bias was probably minimal. Third, a wide range of child-
hood allergic diseases including asthma, AR, urticaria,
FA and DA were considered in this study to explore their
associations with a range of neonatal and familial risk
factors.

This study also has several limitations. First, all the
information was obtained from questionnaires, and some
bias (e.g., recall and measurement bias) was inevitable
to some extent. For example, the diagnoses of childhood
allergy were recalled but were not made by objective
allergic testing. The information on breastfeeding dura-
tion was not perfect because it was collected retrospec-
tively rather than prospectively. Second, the nature and
severity of childhood asthma and allergic diseases was
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Fig. 3 Combined effects of breastfeeding duration & family history of allergy on childhood asthma and allergic diseases. AR allergic rhinitis, FA food
allergy, DA drug allergy; Reference group: <6 m & Yes. The confounders adjusted in the model included child’s sex, age, SES, only one child in the
household and mode of delivery

not measured in this study, and therefore, the determi-
nants of mild and severe cases cannot be distinguished.
Finally, a causal relationship cannot be established due to
the cross-sectional study design. However, the independ-
ent variables included in the multivariable model (e.g.,
child’s sex, CS, only one child in the household and fam-
ily history of allergy) were significantly earlier than the
diagnosis of childhood asthma and allergic diseases, so a
certain temporal relationship exists.

Despite these limitations, the results from this study
have demonstrated the contemporary prevalence of
asthma and allergic diseases among children aged
6-11 years and their associations with CS, only one child
in the household, family history of allergy and breastfeed-
ing duration. Longer breastfeeding duration appeared to
decrease the effects of the neonatal and familial factors
on childhood asthma and allergic diseases. Our findings
may be used to develop appropriate strategies to prevent
and control childhood asthma and allergic diseases if
they are confirmed by further research.

Conclusions

Among primary school children aged 6-11 years in
Shanghai, born by CS delivery, only one child in the
household, and having family history of allergy were
associated with increased OR of childhood asthma and
allergic diseases. Longer breastfeeding duration was
associated with reduced OR of childhood asthma and
allergic diseases, and seemed to attenuate the OR of neo-
natal and familial factors on childhood allergic diseases.
These findings may have important clinical and public
health implications.
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