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Abstract

Background: Our previous study has developed a four‐gene model involving

IL13 rs20541, IL4 rs2243250, ADRB2 rs1042713, and FCER1B rs569108 asso-

ciated with asthma and atopy in Chinese Han children. However, whether the

gene model is associated with allergies in early life has yet to be determined.

This study aimed to apply the gene model in a birth cohort to investigate its

associations with the development of allergic diseases in Chinese Han

toddlers.

Methods: Five hundred and ninety‐seven children from a birth cohort com-

pleting 2‐year follow‐up were included. Epidemiologic information and cord

blood were collected. Children were genotyped for the above polymorphisms

and divided into high or low genetic risk groups based on the genotypes.

Subjects were followed at 6, 12, and 24 months, with information on allergic

diseases collected via standard questionnaires and assessed by specialists.

Results: Two hundred and eighty‐four children were divided into a high‐risk
group and 313 into a low‐risk group. Between the two groups, a significant

difference was only found in delivery mode among all the subject character-

istics (p= .025). After stratification for delivery mode, children at high risk

were more likely to develop eczema (relative risk [RR] = 1.46, p= .040) over

2 years of follow‐up compared with those at low risk. No significant associa-

tions were found between genetic risk and food allergy, wheezing and allergic

rhinitis (p> .05).

Conclusion: The gene model was significantly associated with the develop-

ment of eczema in Chinese Han toddlers. Long‐term follow‐up along with

functional and replication studies on the gene model are still needed in future.
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1 | INTRODUCTION

Asthma and atopy are complex phenotypes driven by
gene‐environment interactions.1,2 Ober and Hoffjan3 re-
viewed 118 genes associated with asthma or atopy, and
found that 10 of them had been replicated in >10 dif-
ferent studies. Among the 10 genes, there are five key
inflammatory genes associated with immunoglobulin E
(IgE) levels, including IL13, IL4, IL4RA, FCER1B, and
ADRB2.4–6 In our previous case–control study, we fo-
cused on nine known functional single‐nucleotide poly-
morphisms (SNPs) in the aforementioned five genes, and
developed a four‐way genetic interaction model consist-
ing of IL13 rs20541, IL4 rs2243250, ADRB2 rs1042713,
and FCER1B rs569108 (Table 1) for determining asthma
susceptibility in Chinese Han children by using
multifactor‐dimensionality reduction (MDR) approach.
Each of the four SNPs had an independent effect on
asthma, with rs20541 G, rs2243250 T, rs1042713 A, and
rs569108 G as the risk alleles, and more risk homozygotes
of the four SNPs, higher risk for asthma.7 Then we ap-
plied the four‐gene model among Chinese Han wheezing
children and found that the high‐risk genotypes were
associated with a positive Asthma Predictive Index and
atopy.8 In a word, the four‐locus gene model has been
confirmed associated with asthma and atopy in Chinese
Han children.7,8 However, whether the gene model is
associated with allergies in early life has yet to be
determined.

In this study, we aimed to apply the four‐way gene
model in a birth cohort with a 2‐year follow‐up to in-
vestigate associations of the model with the development
of allergic diseases in Chinese Han toddlers.

2 | METHODS

2.1 | Study design and subjects

From 2012 to 2015, a birth cohort study was carried out
at two large tertiary hospitals in Shanghai, Xinhua
Hospital, and the International Peace Maternity & Child
Health Hospital. One thousand and fifty‐six singleton

pregnant women who planned to live in Shanghai for
more than 2 years were recruited between June 2012 and
February 2013. Trained research nurses conducted face‐
to‐face interviews to collect information on parental
atopy, family income, and parental education levels. At
birth, newborns’ birth information on gender, gestational
age, birth weight, delivery mode, and parity from hospital
medical records along with cord blood samples were
collected by trained nurses. The children were then fol-
lowed up until they were 2 years old by questionnaire
survey, with their epidemiologic information and medi-
cal history of allergic diseases collected. Five hundred
and ninety‐seven Chinese Han children completing the
2‐year follow‐up between June 2014 and April 2015 were
included in this study. Written informed consent was
obtained from the participants. The study was approved
by the Ethics Committee of Xinhua Hospital and the
International Peace Maternity & Child Health Hospital
(approval number: XHEC‐C‐2012‐003) and conducted
according to the principles in the Declaration of Helsinki.

2.2 | Two‐year follow‐up survey

Each child was followed up three times totally, at
6 months, 1 year, and 2 years of age. At 6‐month follow‐up,
an internet‐based questionnaire survey was conducted to
collect children's medical history of allergic diseases along
with information on breastfeeding, antibiotic use, and
environmental exposures, including home pet sitting,
secondhand smoke exposure, and home decoration. At
1‐ and 2‐year follow‐up visits, face‐to‐face questionnaire
interviews were conducted to collect similar information as
that at 6‐month follow‐up.

At the three follow‐up surveys, children's caregivers
were asked whether their children had been diagnosed
with eczema, food allergy, wheezing, or allergic rhinitis
by doctors in the past 6 months (at the 6‐month and
1‐year follow‐ups) or 1 year (at the 2‐year follow‐up). If
the answer was yes, further information on eczema,
wheezing or allergic rhinitis was collected by the
standardized International Study of Asthma and Allergies
in Childhood (ISAAC) questionnaire, which had been

TABLE 1 Genes and SNPs
constituting the four‐locus genetic model

Gene SNP rs Number Chromosome position Location

IL13 R110Q rs20541 5:132660272 Exon 4

IL4 −590C>T rs2243250 5:132673462 Promoter

ADRB2 R16G rs1042713 5:148826877 Exon1

FCER1B E237G rs569108 11:60095631 Exon7

Abbreviations: SNP, single‐nucleotide polymorphism; rs, reference SNP.
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validated and adapted in China.9,10 Information on food
allergy was collected using a specific questionnaire, which
had been developed from a previous study in China and
validated by expert reviews.11

2.3 | Assessment of allergic diseases

Allergic diseases assessment was made by specialists
based on the questionnaires. Two dermatologists diag-
nosed eczema independently for all the participants, with
disagreements resolved by consensus. The diagnostic
criteria for eczema were: itchy, scaly rash on the flexural
sites (the folds of the elbows, behind the knees or in front
of the ankles), face, or around the neck or ears, and itchy
rash coming and going for at least 6 months, based on the
U.K. working party's diagnostic criteria.12

Two pediatricians specialized in respiratory medicine
and allergy made diagnoses of wheezing, allergic rhinitis,
and food allergy independently for all the children, and
disagreements were also resolved by consensus. Wheezing
was defined if children breathed with whistling sounds
in the chest once or more. According to the guideline
of the American Academy of Otolaryngology—Head
and Neck Surgery, clinical diagnosis of allergic rhinitis
was made if children had nasal congestion, runny
nose, itchy nose, or sneezing when he/she did not have
a cold or the flu, and it was accompanied by itchy
watery eyes.13 As defined by the U.S. Guidelines on
food allergy, if children presented with allergic symp-
toms after ingesting specific food, they were recorded
as a parental‐reported food allergy.14

2.4 | Genotyping

Genomic DNA was isolated from cord blood samples
using the QIAamp DNA Blood Mini Kit (Qiagen). SNP
genotyping was carried out with matrix‐assisted laser
desorption/ionization‐time of flight mass spectrometry
(MALDI‐TOF MS)15 on the MassARRAY iPLEX platform
(Sequenom). The call rate for each SNP was higher than
97%. Five percent of the total samples were blindly re-
tested and the replicate genotype concordance rate ex-
ceeded 98%.

2.5 | Genetic risk grouping

We have found that IL13 rs20541, IL4 rs2243250, ADRB2
rs1042713, and FCER1B rs569108 are jointly associated
with asthma and atopy in Chinese Han children, and
each of the SNPs has a single effect on the diseases, with

rs20541 GG, rs2243250 TT, rs1042713 AA, and rs569108
GG as the risk genotypes, respectively. More risk
homozygotes of the four SNPs, higher risk for asthma
and atopy.7 As described in our previous study, the
genotype combinations with no risk homozygotes (i.e.,
rs20541 AA or GA, rs2243250 CC or TC, rs1042713 GG or
AG, and rs569108 AA or AG) were considered as the
control, and those genotype combinations with a sig-
nificantly higher risk for asthma and atopy (p< .05 and
odds ratio [OR] > 1) compared with the control were
categorized as high risk, otherwise as low risk.8 Genetic
risk grouping was shown in Table 2.

2.6 | Statistical analysis

Each SNP was examined for Hardy–Weinberg equili-
brium in the subjects by the χ2 test. All the participants
were divided into high‐ or low‐risk groups based on the
genotypes of the four SNPs. The subject characteristics
between the two different genetic risk groups were
compared using Pearson's χ2 or Fisher's exact test, as
appropriate. Associations between genetic risk and al-
lergic diseases were assessed by χ2 tests, and p value,
relative risk (RR), and 95% confidence interval (95% CI)
were calculated. A two‐tailed p< .05 was considered
statistically significant. The statistical analyses were
performed using SPSS version 17.0 (IBM Corp.).

TABLE 2 Genetic risk grouping based on the genotypes of the
four SNPs

Group

Genotype

IL13
rs20541

IL4
rs2243250

ADRB2
rs1042713

FCER1B
rs569108

High risk AA or GA TT GG or AG GG

AA or GA TT AA AA or AG

GG CC or TC AA AA or AG

GG TT GG or AG AA or AG

AA or GA TT AA GG

GG CC or TC AA GG

GG TT GG or AG GG

GG TT AA AA or AG

GG TT AA GG

Low risk AA or GA CC or TC GG or AG AA or AG

AA or GA CC or TC GG or AG GG

AA or GA CC or TC AA AA or AG

AA or GA TT GG or AG AA or AG

GG CC or TC GG or AG AA or AG

AA or GA CC or TC AA GG

GG CC or TC GG or AG GG

Abbreviations: SNP, single‐nucleotide polymorphism; rs, reference SNP.
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3 | RESULTS

3.1 | Comparison of the subject
characteristics between the high and
low genetic risk groups

All the SNPs met Hardy–Weinberg equilibrium criteria
(p> .10). Among the 597 study subjects, 284 were at high
risk for asthma and atopy and the others were at low risk
according to the genetic risk grouping method. The
subject characteristics were presented in Table 3. There
was a significant difference in delivery mode between the
two groups (p= .025). More children in the high‐risk
group were born by cesarean section than those in the
low‐risk group (79.2% and 71.2%, respectively). However,
no significant differences were found between the two
groups in gender, gestational age, birth weight, parity,
breastfeeding, antibiotic use, home pet sitting, in‐home
secondhand smoke exposure, home decoration, parental
atopy, parental education, and family income (p> .05).

3.2 | Associations between genetic risk
and allergic diseases

As shown in Table 4, children at high genetic risk were
more likely to develop eczema over 2 years of follow‐up
compared with those at low risk (RR = 1.30, p= .044). No
significant association was found between genetic risk
and food allergy, wheezing, and allergic rhinitis (p> .05).

3.3 | Associations between genetic risk
and allergic diseases after stratification
for delivery mode

Table 5 shows that after stratification for delivery mode,
children in the high‐risk group were still more likely to
develop eczema than those in the low‐risk group (RR =
1.46, p= .040). And the association was even stronger
than that without stratification. Still no significant asso-
ciations were found between genetic risk and food al-
lergy, wheezing and allergic rhinitis (p> .05).

4 | DISCUSSION

In our previous study, we developed a four‐way gene
model including IL13 rs20541, IL4 rs2243250, ADRB2
rs1042713, and FCER1B rs569108 for determining asth-
ma susceptibility in Chinese Han children.7 Then we
applied this gene model in Chinese wheezing children
and found that the high‐risk genotypes were associated

TABLE 3 Epidemiologic characteristics of the study subjects by
genetic risk status

Phenotypes
High risk,
n (%)

Low risk,
n (%)

p
valuea

Gender

Boy 150 (53.0) 157 (50.2) .488

Girl 133 (47.0) 156 (49.8)

Gestational age (wk)

<37 10 (3.5) 11 (3.5) .992

37–39 200 (70.4) 219 (70.0)

≥40 74 (26.1) 83 (26.5)

Birth weight (g)

<2500 9 (3.2) 7 (2.2) .480

2500–4000 247 (87.0) 282 (90.1)

≥4000 28 (9.9) 24 (7.7)

Delivery mode

Vaginal 59 (20.8) 90 (28.8) .025

Cesarean section 225 (79.2) 223 (71.2)

Parity

None 260 (91.5) 288 (92.0) .837

≥1 24 (8.25) 25 (8.0)

Breastfeeding

No 48 (16.9) 59 (19.2) .476

Yes 236 (83.1) 249 (80.8)

Antibiotic use

No 158 (55.6) 169 (54.5) .784

Yes 126 (44.4) 141 (45.5)

Home pet sittingb

No 241 (84.9) 248 (80.0) .121

Yes 43 (15.1) 62 (20.0)

In‐home secondhand
smoke exposure

No 131 (46.1) 149 (48.2) .610

Yes 153 (53.9) 160 (51.8)

Home decoration

No 263 (92.6) 283 (91.6) .646

Yes 21 (7.4) 26 (8.4)

Parental atopyc

No 226 (80.4) 240 (77.7) .412

Yes 55 (19.6) 69 (22.3)

Maternal education

Middle school or
lower

10 (3.5) 8 (2.6) .726

High school 32 (11.3) 39 (12.5)

College or higher 242 (85.2) 265 (84.9)

Paternal education

Middle school or
lower

4 (1.4) 5 (1.6)

High school 34 (12.1) 34 (11.0) .923

College or higher 244 (86.5) 271 (87.4)
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with a positive Asthma Predictive Index and atopy.8 In
this study, we applied the model in a birth cohort and
found that toddlers at high genetic risk were more likely
to develop eczema over 2 years of follow‐up compared
with those at low risk. These are a series of studies on the
four‐locus gene model and the present study is the first to
report the association of the gene model with the devel-
opment of allergic diseases.

In this study, a significant difference in delivery mode
was found between the high and low genetic risk groups,
while no differences were found in other subject char-
acteristics between the two groups. After stratification for
delivery mode, the positive association between the four‐
locus gene–gene interaction model with the development
of eczema was a little stronger than that without strati-
fication. In this birth cohort study, 28.14% (168/597) of
the subjects developed eczema while 39.03% (233/597)
developed allergies (i.e., eczema, food allergy, wheezing,
or allergic rhinitis) over 2 years of follow‐up. These
prevalence data were similar with those reported in other
studies.16,17

Allergic diseases have been attributed to IgE‐mediated
inflammatory reactions.18IL13, IL4, ADRB2, and FCER1B,
which constitute the gene model, are all involved
in IgE‐mediated allergic responses. Cytokines IL‐13

(IL‐13) and IL4 bind to the shared heterodimeric re-
ceptor on B cells and switch Ig production from IgM to
IgE via a common signaling pathway.19 Allergens can
stimulate beta2‐adrenergic receptors (ADRB2) on B
cells and increase IgE production by a unique signaling
pathway, independently of class switch recombina-
tion.20,21 Secreted IgE from B cells binds to high‐affinity
IgE receptor (FCER1) on the effector cells of allergic
reactions. FCER1B, a subunit of FCER1, functions as an
amplifier of FCER1 expression and signaling, which
upregulates IgE‐mediated allergic responses.22 Each of
the four SNPs in our gene model (i.e., IL13 rs20541, IL4
rs2243250, ADRB2 rs1042713, and FCER1B rs569108)
has been reported associated with increased IgE levels.4,23,24

We suppose that the four SNPs interact with each other via
IgE‐mediated inflammatory pathway in the pathogenesis of
allergic eczema. Future studies on the biological interac-
tions between the SNPs are needed.

In the present study, no associations were found be-
tween the gene model and food allergy/wheezing/allergic
rhinitis, which may be partly attributed to the short‐time
follow‐up of the cohort and allergic diseases assessments
based on parental‐reported symptoms. Hence, long‐term
follow‐up and disease assessment by symptoms plus ob-
jective measurements (i.e., skin prick test or serum
allergen‐specific IgE measurement) are necessary in the
future.

Additionally, there are some other limitations in this
study. First, only four genes (i.e., IL13, IL4, ADRB2, and
FCER1B) were chosen as candidate genes. However, the
four genes are susceptible genes of asthma and atopy
replicated in >10 different studies,3 and our previous
studies have found gene–gene interactions on asthma
and atopy between these genes in Chinese Han
children.7,8 Second, genetic risk was classified based on
the number of risk allele homozygotes, which did not
fully consider the single effect of each risk allele on the
disease and may weaken its role. The genetic risk score
(GRS), an emerging method that integrates weak effects
of each risk allele and enables valid causal estimates with
large numbers of genetic variants,25 has been widely used

TABLE 3 (Continued)

Phenotypes
High risk,
n (%)

Low risk,
n (%)

p
valuea

Family
income (CNY)

<100 K 94 (33.2) 79 (25.4) .112

≥100 K 147 (51.9) 180 (57.9)

Unknown 42 (14.8) 52 (16.7)

ap Values for χ2 or Fisher's exact test.
bKeeping cats or dogs at home.
cParental atopy was referred to those parents who had asthma, allergic
rhinitis, or atopic dermatitis along with detectable specific
immunoglobulin E.

TABLE 4 Associations between
genetic risk and allergic diseases

Group No. Eczema n (%)
Food allergy
n (%)

Wheezing
n (%)

Allergic
rhinitis n (%)

High risk 284 91 (32.0%) 36 (12.7%) 18 (6.3%) 11 (3.9%)

Low risk 313 77 (24.6%) 36 (11.5%) 19 (6.1%) 12 (3.8%)

p valuea .044 .660 .892 .980

RR (95%CI) 1.30 (1.01‐1.69) 1.10 (0.72‐1.70) 1.04 (0.56‐1.95) 1.01 (0.45‐2.25)

Abbreviations: CI, confidence interval; RR, relative risk.
ap Values for χ2 tests.
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in genetic studies of complex diseases.26–28 In our further
research, more genes, and SNPs associated with allergy,
as well as GRS, should be included. Third, 597 children
completed 2‐year follow‐up and allergic diseases assess-
ments were based on parental‐reported symptoms in this
study. Larger samples, long‐time follow‐up, symptoms
plus objective measurements, and replication of findings
in other cohorts are needed in future studies.

In summary, the data presented in this study suggest
that the four‐way gene model involving IL13 rs20541, IL4
rs2243250, ADRB2 rs1042713, and FCER1B rs569108 was
significantly associated with the development of eczema
in Chinese Han toddlers. The four SNPs may interact
with each other via IgE‐mediated inflammatory path-
ways in the pathogenesis of allergic eczema. Long‐term
follow‐up along with functional and replication studies
on the gene model are still needed in future.
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