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Introduction

Asthma is one of the most common chronic 
diseases in children. However, there are variations 
according to the ethnicity, region of residence 
and other characteristics of the study population. 
The International Study of Asthma and Allergies 
in Childhood (ISAAC) reports that 12%-14% of 
children suffer from asthma, globally.1 In addition 
to asthma, other allergic diseases, such as allergic 
rhinitis and atopic dermatitis, are prevalent in 
children.2 Up to 40% and 25% of the world 
population suffers from allergic rhinitis and atopic 
dermatitis respectively.3,4  
	 There are many predisposing factors for allergic 
diseases, including genetic, infectious, socio-
economic, psychosocial and environmental factors.5

The relation between infectious conditions and 
allergic diseases has been studied from two 
perspectives. Several studies suggest that infectious 
diseases are positively correlated with allergic 
diseases because both infectious and allergic 
diseases elicit a similar inflammatory reaction.6 
The inflammatory reaction induced by bacterial 

infections may lead to an allergic reaction. For 
instance, the predominance of certain anaerobic 
bacteria has been related to allergic symptoms.7 
	 In contrast, other studies suggest that exposure 
to infectious diseases is negatively correlated with 
allergic diseases. Based on the hygiene hypothesis, 
individuals who are not exposed, or less exposed, 
to microorganisms, may be more susceptible to 
allergic diseases. Thus, a lack of antigen exposure 
prevents a build-up of immunity. The recent in-
crease in allergic diseases, especially among 
urban residents, can be explained by this hygiene 
hypothesis. For example, one report demonstrated 
that the incidence of food allergies was 98% in 
urban areas, whereas it was 62% in rural areas.8 
	 Dental caries is one of the most common infectious 
diseases encountered during childhood. Caries 
is accompanied by the colonization of outgrown 
Gram-negative facultative and anaerobic bacteria 
such as A. actinomycetemcomitans and P. gingivalis 
in the oral cavity, which may induce inflammatory 
immune reactions. These inflammatory conditions 
in the oral cavity may protect individuals against 
allergic diseases. Although controversial, previous 
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entire Korean population. In the surveys, the data 
had evaluated the civilian, non-institutionalized 
South Korean population using a stratified, multi-
stage and clustered sampling method based on 
the national census data. Statisticians weighted 
the sample, and a post-stratification process was 
performed, which accounted for non-response rates 
and extreme values.
	 Of a total of 25,534 participants, we excluded 
the following participants from this study: those 
under four years old or older than 15 years (21,428 
participants) and those who did not have a dental 
exam or who had no records of allergic rhinitis, 
asthma, atopic dermatitis, number of household 
members or region of residence (408 participants). 
Finally, a total of 3,703 participants (1,980 males 
and 1,723 females) aged four to 15 years were 
enrolled. 

Dental exam and survey

Each participant was examined for dental caries by 
trained dental residents. To determine whether there 
were factors that correlated with allergic rhinitis, 
asthma and atopic dermatitis, we assessed the 
participants’ age, sex, household number, income 
level and region of residence. The household in-
come was divided by the square root of the number 
of household members, and the monthly income 
level was divided into four quartiles from top to 
bottom: highest, upper middle, lower middle and 
lowest.10M The region of residence was divided 
into two groups: urban (Seoul, Gyeonggi, Busan, 
Daegu, Incheon, Gwangju, Daejeon and Ulsan) and 
rural (Gangwon, Chungbuk, Chungnam, Jeonbuk, 
Jeonnam, Gyeongbuk, Gyeongnam and Jeju), 
based on administrative district. The participants 
were asked about their history of allergic rhinitis, 
asthma and atopic dermatitis. For example, we 
asked, “Have you ever been diagnosed with allergic 
rhinitis by a medical doctor?” The participants who 
had a history of a diagnosis by a medical doctor 
were recorded as positive. 

Statistical analysis

Differences in mean age and the number of caries 
between the control group and the allergic rhinitis/
asthma/atopic dermatitis group were compared 
using an independent sample t-test. The ratio 
difference of sex and region of residence was 

studies have suggested an inverse relationship 
between allergic diseases and periodontal diseases.9 
These studies have suggested that exposure to oral 
bacteria from periodontal diseases has a protective 
effect against asthma or allergy, similar to the 
hygiene hypothesis. 
	 Studies on the relation between allergic diseases 
and dental diseases are mostly confined to adult 
subjects. There have been only a few controversial 
studies on young children that investigated early 
exposure to infectious diseases. Therefore, the aim 
of the present study was to analyse the relations 
between allergic diseases and dental caries in 
children. To minimize possible confounding effects, 
we adjusted for age, sex, number of household 
members, economic status and region. Furthermore, 
this study used a large sample of the Korean popula-
tion, thereby strengthening its statistical reliability 
and external validity.

Materials and methods

Study population and data collection

This study was approved by the Institutional Review 
Board of the Korea Centers for Disease Control and 
Prevention (2010-02CON-21-C, 2011-02CON-
06-C and 2012-01EXP-01-2C). Permission with 
written informed consent was obtained from the 
parents or legal guardians prior to the survey.
	 This study is a cross-sectional study, using data 
from the Korea National Health and Nutrition 
Examination Survey (KNHANES) which collected 
data from the entire nation. The survey included a 
health interview, a nutritional survey and physical 
examinations. The annual quality control for the 
KNHANES was conducted by the Korea Centers for 
Disease Control and Prevention. The investigator 
was trained, and the surveys underwent on-the-
spot inspections by a delegation from the Korea 
Centers for Disease Control and Prevention. The 
reliability and validity of the questionnaire and the 
results of the surveys were assessed by statistical 
tests. The test-retest method was applied, based 
on the sampling design using adjusted weighted 
values. The KNHANES data collected by the 
Korea Centers for Disease Control and Prevention 
between 2010 and 2012, were analysed. In each 
year, 192 districts were selected by a panel. Within 
each district, 20 households were further identified, 
to allow sampling that was representative of the 
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had allergic rhinitis, asthma and atopic dermatitis 
respectively. Several demographic and socio-
economic factors showed significant differences 
with regard to the presence of allergic diseases. For 
instance, age (for asthma and atopic dermatitis), 
sex (for asthma) and family income (for allergic 
rhinitis) all showed significant differences depen-
ding on the allergic disease. The number of house-
hold members and region of residence did not 
show significant differences with regard to the 
presence of allergic diseases. The number of dental 
caries was significantly different in the presence 
of allergic rhinitis and asthma (p < 0.001 and p = 
0.014 respectively).
	 We analysed the relation between each allergic 
disease and the presence of dental caries. All three 
allergic diseases showed significant correlations 
with the presence of dental caries in the unadjusted 
sampling and in models 1 and 2 (Table 2). The 
incidence of allergic rhinitis was inversely related 
to the presence of dental caries (AOR of model 2 = 
0.56, 95% CI = 0.43 - 0.75, p < 0.001). Asthma was 
also associated with a decreased incidence of dental 
caries (AOR of model 2 = 0.55, 95% CI = 0.33 - 
0.90, p = 0.017). Atopic dermatitis had the lowest 

compared using a chi-square test. Income level was 
compared using a linear-by-linear association test. 
	 The association between dental caries (yes or no) 
and allergic rhinitis/asthma/atopic dermatitis was 
analysed using: simple logistic regression analysis 
with complex sampling (unadjusted), multiple 
logistic regression analysis with complex sampling 
adjusted by age and sex (model 1) and multiple 
logistic regression analysis with complex sampling 
adjusted by age, sex, income level, region and 
number of household members (model 2). Two-
tailed analyses were conducted, and p-values lower 
than 0.05 were considered to indicate statistical 
significance. The adjusted odds ratio (AOR) and 
95% confidence interval (CI) for dental caries 
were calculated. All the results of the simple and 
multiple logistic regression analyses are presented 
as weighted values. The results were statistically 
analysed using SPSS v. 20.0 (IBM, Armonk, NY, 
USA).

Results

As shown in Table 1, 22.4% (829/3,703), 5.7% 
(212/3,703) and 14.6% (542/3,703) of participants 

Allergic Rhinitis Asthma Atopic Dermatitis
No Yes p-value No Yes p-value No Yes p-value

Number (n) 2,874 829 3,491 212 3,161 542
Number (%) 77.6 22.4 94.3 5.7 85.4 14.6
Age (years) 9.4 9.7 0.067 9.5 8.9 0.008* 9.6 0.2 0.015*
Sex (%) 0.051 <0.001† 0.233

Male 76.4 23.6 92.8 7.2 86.0 14.0
Female 79.0 21.0 95.9 4.1 84.6 15.4

N of Household members 4.2 4.2 0.069 4.2 4.3 0.666 4.2 4.2 0.237
N of Caries 0.6 0.3 <0.001* 0.5 0.3 0.014* 0.5 0.5 0.308
Income (%) <0.001‡ 0.760 0.108

Lowest 83.6 16.4 94.2 5.8 88.4 11.6
Lower Middle 81.5 18.5 93.7 6.3 86.0 14.0
Upper Middle 75.4 24.6 95.6 4.4 84.5 15.5
Highest 74.7 25.3 93.3 6.7 84.8 15.2

Region (%) 0.199 0.947 0.678
Urban 75.8 24.2 97.3 5.7 84.7 15.3
Rural 84.1 15.9 94.3 5.7 87.6 12.4

Table 1
General characteristics of allergic rhinitis, asthma and atopic dermatitis occurrence

*: Independent sample t-test, significance at p < 0.05. †: Chi-square test, significance at p < 0.05. ‡: Linear-by-linear association test, 
significance at p < 0.05 

13-Kim.indd   267 14/12/17   16:49



268	 S. Y. Kim et al.

to oral bacteria on teeth, is associated with the 
development of dental caries and gingivitis. Dental 
plaque can cause dental caries and subsequent 
oral inflammatory diseases if dental hygiene is 
not practised. Although these oral pathogens have 
harmful effects in the oral cavity, early exposure 
to these pathogens may have protective roles for 
allergic diseases, based on the hygiene hypothesis. 
In children, the shift from a T helper cell 2 (Th2)-
dominant immune response, which is responsible 
for the adaptive immune system against allergies, to 
a T helper cell 1 (Th1)-dominant immune response 
and/or a regulatory T-cell population may play a 
key role in the hygiene hypothesis.14

	 There are controversial studies that are 
inconsistent with our study.15 Earlier studies have 
reported that inflammatory diseases of the oral 
cavity were correlated with the increased incidence 
of allergic diseases. It has been suggested that 
asthma leads to dental caries in both primary and 
permanent dentition, doubling the risk of caries.15 
Similarly, patients with asthma reportedly had 
more dental plaque and gingivitis than non-
asthmatic patients.16 Other studies demonstrated 
no significant relationship between asthma and 
periodontal diseases.17

	 These conflicting results can be explained 
by several factors. First, the present study was 
conducted in children, whereas many of the 
earlier studies that showed a positive correlation 
between oral infectious diseases and allergic 
diseases were conducted in adults. These previous 
studies attributed the positive correlation between 
oral diseases and allergic diseases to their shared 
inflammatory responses and to dehydration of the 
mouth due to breathing in asthmatic patients.17,18 
Medications for respiratory allergic diseases, such 
as antihistamines and corticosteroids, may reduce 
salivary flow and salivary pH, and this can promote 

AOR for the presence of dental caries among the 
allergic diseases that we analysed, although this 
condition still had a significant correlation (AOR of 
model 2 = 0.74, 95% CI = 0.56 - 0.98, p = 0.036).

Discussion

We found that the presence of dental caries was 
negatively correlated with allergic diseases, even 
after we adjusted for numerous covariates. To 
the best of our knowledge, there are few studies 
analysing the relation between dental caries and 
allergic diseases during childhood using a large 
representative population-based study. 
	 Similar to our results, several studies have 
demonstrated that oral inflammatory conditions 
such as periodontitis and gingivitis have a negative 
association with allergic diseases. Additionally, 
earlier studies have demonstrated that periodontal 
disease has a significant inverse relation with 
respiratory allergies, including self-reported house 
dust mite allergy, hay fever and asthma.11 Moreover, 
serum immunoglobulin titres against certain oral 
bacteria, such as A. actinomycetemcomitans and P. 
gingivalis, were inversely correlated with asthma, 
wheezing and hay fever.9 Another study showed 
that subjects with more severe periodontitis had 
significantly lower prescription fill rates for 
antihistamines and asthma medications.12

	 The inverse relations between oral inflammatory 
diseases and allergic diseases observed in the 
present study and in the above-mentioned studies 
support the hygiene hypothesis. Approximately 
500 to 700 bacterial species are known to colonize 
the oral cavity.13 These oral bacteria usually main-
tain a commensal relationship with the host. 
However, in patients with dental caries, some 
oral bacteria bypass the host immune system and 
become pathogenic. Dental plaque, which refers 

Allergic Rhinitis Asthma Atopic Dermatitis
OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value

Unadjusted 0.53 0.41-0.70 <0.001* 0.57 0.35-0.91 0.018* 0.70 0.53-0.93 0.013*
Model 1† 0.53 0.40-0.70 <0.001* 0.56 0.35-0.90 0.016* 0.70 0.53-0.93 0.012*
Model 2‡ 0.56 0.43-0.75 <0.001* 0.55 0.33-0.90 0.017* 0.74 0.56-0.98 0.036*

Table 2
Odds ratios of dental caries for allergic rhinitis, asthma, and atopic dermatitis using multiple logistic regression analysis with 

complex sampling

†: Adjusted by age and sex. ‡: Adjusted by age, sex, income level, region and number of household members
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validated and published in previous studies.25 As 
noted above, although we adjusted for several 
confounding factors, it was not possible to analyse 
all the possible associated factors. For instance, 
dietary habits, which might have a large influence 
on the incidence of dental caries and other oral 
inflammatory diseases such as periodontitis and 
gingivitis, were not considered in this study.
	 This study has some advantages over others. In 
addition to considering socio-economic factors, 
this study was conducted on a homogenous study 
population using a large and representative sample. 
In addition, dental residents performed a dental 
exam in all enrolled participants. To elucidate the 
causal relation between oral bacteria and allergic 
diseases, further studies sampling the bacteria 
directly from the oral cavity are warranted. 
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