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Abstract

Background: The incidence of allergic diseases has been rising in the last decades. The interplay between genetic and envi-

ronmental factors underlined these complex diseases. Data concerning natural history and risk factors associated with allergic

diseases in developing Asian countries are limited. Methods: A population-based birth cohort study was conducted in Bangkok,

Thailand. Perinatal and postnatal factors were prospectively collected by questionnaires. Sensitization was identified by skin

prick test. Food allergy (FA) was confirmed by oral food challenge. Results: A total of 369 mother-children pairs were en-

rolled and follow-up until the age of 30 months. The cumulative incidence of allergic diseases was 46.2%. High family income

significantly increased risk of atopic dermatitis (AD) and ever-wheezing. Maternal history of allergic diseases and exclusive

breastfeeding longer than six months significantly increased risk of FA. Antibiotics use in infants significantly associated with

FA, ever-wheezing and rhinitis. Infants with FA had a 6.5-fold increased risk of AD while infants with AD had an 8.5-fold

increased risk of FA. AR had a 3.5-fold increased risk in developing ever-wheezing. One-third of the subjects had aeroallergen

sensitization. Conclusion: Prevalence of allergic diseases in developing Asian country was considerably high. AD and FA were

the most prevalent allergic diseases during the first years of life. Meanwhile, the prevalence of wheezing and rhinitis subsequently

increased over time. High sensitization rate to aeroallergens was found in the first two years of life. Maternal atopy, high family

income, early life exposure to antibiotics and prolonged breast-feeding increased risk of allergic diseases in our cohort.
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Abstract

Background: The incidence of allergic diseases has been rising in the last decades. The interplay between
genetic and environmental factors underlined these complex diseases. Data concerning natural history and
risk factors associated with allergic diseases in developing Asian countries are limited.

Methods: A population-based birth cohort study was conducted in Bangkok, Thailand. Perinatal and
postnatal factors were prospectively collected by questionnaires. Sensitization was identified by skin prick
test. Food allergy (FA) was confirmed by oral food challenge.

Results: A total of 369 mother-children pairs were enrolled and follow-up until the age of 30 months. The
cumulative incidence of allergic diseases was 46.2%. High family income significantly increased risk of atopic
dermatitis (AD) and ever-wheezing. Maternal history of allergic diseases and exclusive breastfeeding longer
than six months significantly increased risk of FA. Antibiotics use in infants significantly associated with FA,
ever-wheezing and rhinitis. Infants with FA had a 6.5-fold increased risk of AD while infants with AD had
an 8.5-fold increased risk of FA. AR had a 3.5-fold increased risk in developing ever-wheezing. One-third of
the subjects had aeroallergen sensitization.

Conclusion: Prevalence of allergic diseases in developing Asian country was considerably high. AD and FA
were the most prevalent allergic diseases during the first years of life. Meanwhile, the prevalence of wheezing
and rhinitis subsequently increased over time. High sensitization rate to aeroallergens was found in the
first two years of life. Maternal atopy, high family income, early life exposure to antibiotics and prolonged
breast-feeding increased risk of allergic diseases in our cohort.

Keywords: natural history; risk factor; atopic dermatitis; food hypersensitivity; asthma; rhinitis, allergic;
Asia, Southeastern; cohort studies

Impact statement: This is one of only few birth cohort conducting in developing Asian countries. Our
study contributes to deeper insights in similarities and differences of natural history and risk factors in early
life allergic manifestations among different population groups.

Introduction

Allergic diseases have been increasing in the last decades, particularly in developing countries 1. This increase
is likely a consequence of environmental factors that heightens the risk of allergic diseases in genetically
susceptible individuals 2. To date, allergy birth cohort studies are from western countries3,4 and modern
Asian countries 5-8. The generalizability of these results to the context of developing Asian countries may
not be relevant since the environment, feeding patterns and lifestyles are largely different.

Positive family history of atopy is one of the important predisposing factors of allergic diseases 9,10. Maternal
atopy is associated with allergic diseases than paternal influence11. The protective effects of breast feeding

2
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. against allergy remain a debating issue 12. Environmental factors related to hygiene hypothesis theory, such
as high socioeconomic status, extended family, antibiotics exposure during infancy period, farm environment
and household furry pets, have been proposed to be associated with allergic diseases 13. The rationale behind
this theory is that families with hygienic lifestyles are less exposed to microorganisms. So the immature
immune system of the young infants might be driven towards allergic inflammation.

The atopic march refers to the progression of allergic diseases during infancy and childhood 14. Classically,
the atopic march begins with atopic dermatitis (AD) or food allergy (FA) then progresses to asthma or
allergic rhinitis (AR) 14. The co-occurrence between the diseases are also common15,16. These data support
the existence of a shared set of polymorphisms in allergic patients. However, previous literature has shown
that only one-third to half of the subjects with AD and FA developed atopic march later in life 17. Besides,
not every subject with asthma and AR preceded with AD or FA17.

Using a population-based birth cohort manner, our study aimed to describe the incidence, and natural course
including of atopic march and to identify factors associated with allergic diseases in Thai population, which
reflects developing Asian countries.

Methods

This study is a population-based birth cohort study conducted during July 2015 and July 2019 at King
Chulalongkorn Memorial Hospital (KCMH), in Bangkok, Thailand. Pregnant women with 27th to 36th
week of gestation who was living in Bangkok and visited KCMH between July 2015 to January 2016 were
invited to join our study. The inclusion criteria were healthy full-term infants who were born from low
risk healthy pregnant women. Infants born from multiple pregnancies or high-risk pregnant women, preterm
infants and infants with congenital anomalies were excluded. Informed consent was obtained from all parents.
Overall, 600 women were screened, 500 mother-children pairs were eligible to the inclusion criteria in which
369 pairs were enrolled. We performed longitudinal assessments of the subjects from the third trimester of
pregnancy until the child reached 30 months of age. The study was performed according to the Helsinki
Guidelines and approved by the Ethics Committee of KCMH (IRB No. 358/58). Details of clinical data
collection, definition of allergic diseases, methods to define sensitization to food allergens and aeroallergens
were described in the Appendix.

Statistical analysis

The statistical analysis was performed by IBM SPSS Statistics for Windows, version 22 (IBM Corp., Armonk,
N.Y., USA). Characteristics of the patients were presented using the median (range) for continuous data
or the number and percentage for categorical data. Associations between factors including aeroallergen
sensitization and allergic diseases were estimated using univariate and multivariable logistic regression which
represented in odds ratio and 95% confidence intervals (CI). Cox proportional hazard regression was used
to find factors associated with outgrown of allergic disease, which represented in hazard ratio and 95%
confidence intervals (CI). Adjustments were made for potential confounders. Kaplan-Meier curves were
generated to depict the development of outgrown of allergic diseases over time.

Results

Cumulative incidence of allergic diseases

Of the 369 mother-children pairs recruited in our cohort, 279 (75.6%) has completed data collection and
follow-up until 30 months of age. Demographic data is shown in Table 1. Fifty-five percent of the infants
are male. Most of the participants has no family history of atopic diseases (74.2%). Forty percent of infants
were delivered by cesarean section. Forty-one percent of the infants were exclusively breastfed for at least
four months.

The cumulative incidence of allergic diseases (Figure 1A) was 46.2 %, including AD (13.9%, N=39), FA
(7.2%,N=20), ever wheezing (24%,N=67), and chronic rhinitis (18.6% N=52). If asthma was counted instead
of ever wheezing and AR was counted instead of chronic rhinitis, the cumulative incidence of allergic diseases

3
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. was 17.2 %; asthma (0.7%,N=2), AR (6.1%,N=17). AD and FA were the most prevalent allergic diseases
during the first year of life. Most of the cases with AD and FA were outgrown overtime. Meanwhile, the
prevalence of wheezing and rhinitis subsequently increased. The point prevalence of allergic diseases from
birth up to 30 months is shown in Figure 1B.

Of 39 subjects with AD, mild AD was the most observed (74.4%,N=29) followed by moderate AD
(23.1%,N=9) and severe AD (2.5%,N=1). Of 20 subjects with FA, 13 subjects (65.0%) had IgE-mediated
reactions. Five subjects (25.0%) had non-IgE mediated reactions, including three subjects with allergic proc-
tocolitis and two with FPIES. Another two subjects (10.0%) with mixed-IgE mediated reactions, eczema was
flared after oral food challenge to cow’s milk. Hen’s egg was the most common food allergen (30.0%,N=6), fol-
lowed by cow’s milk (25.0%,N=5), wheat (20.0%,N=4), shrimp (10.0%,N=2), banana (10.0%,N=2) and fish
(5.0%,N=1). In all subjects with ever-wheezing (N=67), most had wheezing for only one time (65.7%,N=44).
Twenty-two percent of subjects (N=15) met the definition of recurrent wheezing. Asthma was diagnosed
only in two subjects (0.7% of all population subjects). For subjects with rhinitis (N=52), the symptoms
started between age 1-2 years old in most cases. Interestingly, 9.6% (N=5) of subjects started to have rhinitis
symptoms before one year of age. Seventeen subjects (6.1% of all study population) were fitted with the
criteria of AR in our study.

Development of atopic march and co-occurrence of allergic diseases

One-third of the subjects developed at least two types of atopic manifestations at the age of 30 months. This
included 25% who developed two types of atopic manifestations (AD+FA, AD+rhinitis, AD+wheezing,
FA+rhinitis, FA+wheezing, wheezing+rhinitis), 5% who developed three types of atopic manifestations
(AD+wheezing+rhinitis, AD+FA+wheezing, AD+FA+rhinitis), and less than 1 percent (0.9%) who devel-
oped all 4 atopic manifestations (AD+FA+wheezing+rhinitis). Sixty percent of subjects with AD and 85% of
subjects with FA developed other atopic diseases. Only 9% of the subjects with wheezing and 9% of subjects
with rhinitis had other preceeding atopic phenotypes, either AD or FA. These numbers are demonstrated in
Figure 1A.

Besides, our cohort found a strong association between allergic diseases. Subjects with FA had an increased
risk of having AD with a hazard ratio (HR) of 6.5 (95%CI, 3.2-13.06; p<0.0001 ) while subjects with AD
also had 8.5 folds increased risk of having FA; HR=8.51 (95%CI, 3.52-20.56; p<0.0001 ). Having rhinitis
before 12 months of age associated with having FA, with HR of 5.53 (95%CI, 1.01-30.46; p=0.049 ). Allergic
rhinitis also significantly associated with ever-wheezing with OR of 3.56 (95%CI, 1.01-12.56; p=0.049 ).

Aeroallergen sensitization

SPT to aeroallergens was performed in 269 subjects (96.4%) of whom completed the follow-up. Of these
subjects, 36.8% (99/269) were sensitized to at least one aeroallergen. Polysensitization was found in about
half of the sensitized patients (44%). Dermatophagoides pteronyssinus was the most common sensitized
allergen (86.0%), followed by Bermuda grass (23.0%), cat hair (22.0%) and American cockroach (22.0%),
German Cockroach (18.0%), dog hair (12.0%), and Johnson grass (6.0%) respectively. Sensitization to
molds was relatively low, including Aspergillus spp. (2.0%) andCladosporium spp. (1.0%). Aeroallergen
sensitization between healthy subjects and ever-wheezing (35.4% vs 35.8%) and between healthy subjects
and rhinitis (36.1% vs 32.7%) were not significantly different. Having household furry pets (cats and dogs)
or neighbourhood furry pets did not increase sensitization to pets in our cohort.

Factors associated with the development of allergic diseases and atopic march

Factors related to the development of allergic diseases are demonstrated in Table 2 to Table 4. First of all,
high family income significantly increased risk of AD with adjusted hazard ratio (aHR) of 3.71 (95%CI, 1.31-
10.45; p= 0.013 ). Pet ownership, interestingly, lowered the risk of AD, aHR = 0.29 (95%CI, 0.12-0.71; p=
0.006 ). Maternal history of atopic diseases significantly increased the risk of FA with HR of 3.39 (95%CI,
1.34-8.62; p= 0.01 ), while paternal atopy, parental atopy, or sibling(s) with atopy did not increase risk of
any allergic diseases. Receiving antibiotics before six months of age substantially higher the risk of FA, aHR
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. = 3.63 (95%CI, 1.49=8.88;p= 0.005 . Surprisingly, exclusive breastfeeding for 4 to 6 months and more than
6 months increased risk of FA with aHR of 2.92 (95%CI, 1.16-7.39; p=0.023 ) and aHR of 16.01 (95%CI,
3.27-78.38;p=0.001 ). In contrast, duration of exclusive breastfeeding less than 4 months lowered the risk of
FA with aHR of 0.22 (95%CI, 0.08-0.60; p=0.003 ).

For subjects with wheezing, only factors associated with ever-wheezing is demonstrated in Table 4. High
family income significantly increased the risk of having ever-wheezing with the adjusted odds ratio (aOR) of
6.98 (95%CI, 1.69-28.79; p=0.007 ). Living in shophouse lowered the risk of ever-wheezing with aOR of 0.3
(95%CI, 0.1-0.91;p=0.033 ). Infants who exposed to antibiotics before 24 and 30 months of age significantly
increased the risk of ever-wheezing with aOR of 2.79 (95%CI, 1.54-5.04; p=0.001 ) and 2.38 (95%CI, 1.33-
4.27;p=0.004 ). Infants who exposed to antibiotics before 6 months of age significantly increased the risk of
recurrent wheezing with OR of 5.46 (95%CI, 1.58, 18.93 p<0.007 ). More frequent exposure to antibiotics
further increased the risk of ever-wheezing and recurrent wheezing; aOR of 1.51 (95%CI, 1.21-1.88;p<0.001
) and OR of 1.8 (95%CI, 1.13, 2.87;p=0.014 ) respectively. Subjects who were having first wheeze before
one year of age were twelve times increasing risk of recurrent wheezing with OR of 12.3 (95%CI, 2.49-60.5).
For rhinitis, antibiotics exposure between 12 and 18 months of age significantly higher the risk; aOR of 2.41
(95%CI, 1.01-5.74); p=0.046 ). The most common indication for antibiotics used at our cohort was respira-
tory tract infections. Different mode of delivery, gender, having older siblings, daycare attendance, regular
moisturizer used during infancy period, smoke exposure, indoor pollution and aeroallergen sensitization did
not significantly increase the risk of allergic manifestations in our cohort.

For atopic march development, having > 2 atopic manifestations related to high family income (HR = 10
(95%CI, 1.26-79.34; p=0.029 ), maternal atopy (HR = 3.06 (95%CI, 1.09-8.58; p=0.034 ), having FA (HR
= 21.19 (95%CI, 5.71-78.59;p=0.001 ), having AD (HR = 6.17 (95%CI, 2.7-14.13;p<0.001 ), having rhinitis
(HR = 3.83 (95%CI, 1.75-8.38; p=0.001 ), and multiple sensitization to aeroallergens (HR = 5.33 (95%CI,
1.43-19.94; p=0.013 ).

The outgrowing of allergic diseases

Forty-nine percent and 68.2% of subjects with AD were outgrown at the age of 12 months at age 24 months,
regardless of severity, the onset of AD or food allergy status (Figure 4A). Meanwhile, 40% and 75% of FA
was outgrown at age 12 months and 24 months, regardless of food allergens, the onset of FA or AD status
(Figure 4B). Type of food allergic reaction did not significantly influence thr outgrown rate, only except the
patients with allergic protocolitis from cow milk allergy whom HR of outgrown rate was 17.55 compared to
others. All subjects with shrimp allergy were not outgrown. No factors could predict the outgrown of AD
and FA in our cohort.

Discussion

This study is one of the only few allergy birth cohort conducting in developing Asian countries. The
cumulative incidence of allergic diseases in early childhood in our population was comparable to studies in
other countries 6,18,19. The percentage of multiple allergic phenotypes was about the same rate as previous
cross-sectional studies 20,21. The contribution of both genetic and early-life environmental factors for the
risk of allergic diseases was confirmed in our cohort. Maternal atopic disease, not paternal or siblings, was
found to increase risk of FA and the development of atopic march. This suggests the prominent influence of
maternal factors to atopic outcome than the general family history of atopy.

Similar to several previous studies 22,23, our study has shown that early antibiotic exposure in infants was
a predisposing factor of FA, wheezing and rhinitis. Antibiotics use in early life could modify gut microflora
and subsequently promotes Th2-predominant allergic immune responses 24. Strong associations were also
found with multiple courses of antibiotic treatment. Families with high socioeconomic status supposed to
have more hygienic lifestyles, leading to the less exposure to microorganisms and might relate to increase
risk of allergies and atopic march development. Pet owner, on the contrary, protected for AD development
in our population which is similar to the previous findings in German birth cohort study 25. Taken together,
factors related to hygiene hypothesis seems to be important on the development of allergy in our population.
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. Breastfeeding is the preferrable method for infant nutrition. However, the protection against the develop-
ment of allergic diseases is inconclusive. Recent meta-analysis showed the protective effect of prolonged
breastfeeding on asthma in children aged 5–18 years, AR in children up to 2 years of age, AD in children up
to 2 years of age26. However, no association was found between breastfeeding and FA 27. Our study found
a negative effect of prolonged exclusive breastfeeding on the development of FA., even though the influence
of reverse causality cannot entirely be rule out. As the parents with a family history of atopy might tend to
breastfed the infants, with the prospect that breastfeeding might minimize the risk of allergy.

Other contributing factors to the development of allergic diseases such as delivery mode, gender, parental
education, having siblings, daycare attendance, regular moisturizer used and smoke exposure3,4 were not
significantly associated with allergic manifestations in our cohort. Interestingly, our findings are in line
with some other studies such as GUSTO Singapore cohort28 and Avon Longitudinal Study of Parents and
Children29, revealing that the cesarean section was not associated with allergic diseases. This fact is opposed
to the finding of Norwegian birth cohort studies 30. These findings, again, emphasized that data from other
cohorts cannot directly be adopted to developing Asian populations.

There are many strengths of our study. First, the subjects were prospectively followed by allergy specialists.
The diagnosis of allergy was done using the International criteria and supported by positive physical findings.
Food allergy was confirmed by an oral food challenge test. All these reasons made our data highly reliable.
Recall bias is minimized due to the frequent and regular visits. The limitation of our study is the small
number cohort from a single center, which recruited only the healthy term subjects from the inner city area.

In conclusion, our study confirmed that allergic diseases are among the most common health diseases in young
children, even in developing Asian country where the incidence of allergic diseases was previously perceived
to be low. Natural course, risk and protective factors of allergic diseases and atopic march development
were identified in the prospective birth cohort manner. Identify the populations who are at-risk and early
modification of influence factors might promote immunologic tolerance and prevent the development of atopic
march.
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Figure legends

Figure 1 : The cumulative incidence of allergic diseases (A) and point prevalence of allergic diseases (B)
from birth up to 30 months.

Figure 2: Outgrown rate of atopic dermatitis (AD) (A) and food allergy (B).
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