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Abstract

Background: Obesity is regarded as a potential risk factor for atopy. The aim of this study was to assess the
associations of obesity with atopic dermatitis, rhinitis, asthma and food allergy in Chinese adults.

Methods: Two hundred and sixty six (266) atopic cases in Harbin, China, were identified according to the current
Chinese guidelines for the diagnosis of atopic diseases. All cases had a previous diagnosis of atopic disorders
(atopic dermatitis, rhinitis, asthma or food allergy) and were positive in one or more allergen specific IgE tests to 16
common allergens in the region. Each case was individually matched to two healthy controls based on their age,
sex, and residential regions. All 532 healthy controls were negative in allergen specific IgE tests. The associations of
obesity with four atopic disorders were assessed using a conditional logistic regression method.

Results: Obesity was significantly associated with the presence of atopic diseases (OR = 3.2, 95% Cl: 1.8, 5.7). Males

significant (OR = 1.1, 95% Cl: 04, 3.7).

and females had a similar association (OR = 3.1 for males and 3.2 for females). The associations of obesity with
atopic dermatitis (OR = 2.7, 95% Cl: 1.2, 6.3) and atopic rhinitis (OR = 3.1, 95% Cl: 1.1, 8.7) were statistically
significant. Although obesity was positively associated with atopic asthma, this association was not statistically
significant (OR = 3.4, 95% Cl: 0.6, 19.9). The association between obesity and food allergy was weak and not

Conclusions: Obesity is positively associated with the presence of atopic diseases in Chinese adults. Specifically,
obesity is significantly associated with atopic dermatitis and rhinitis. Our findings warrant further investigation on the
causal nature between obesity and atopic diseases and the effect of weight reduction on preventing atopic diseases.

Background

The prevalence of obesity has increased rapidly worldwide,
particularly in low and middle income countries like
China [1]. A number of diseases are related to obesity
[2,3]. There is a current debate on the association between
obesity and atopic diseases in adults. It is still not clear if
the recent epidemic of obesity has contributed to the rise
in the incidence of atopic diseases. Some studies showed a
positive association [4-6] while others showed no associ-
ation between obesity and atopic diseases in adults [7,8].
The incidence rates of atopic diseases, including atopic
dermatitis, allergic rhinitis, allergic asthma, and food
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allergy, have increased in China recently [9]. Understand-
ing the associations of obesity with those atopic diseases
has important public health implications to elucidate the
causal link and the importance of weight control in pre-
venting atopic diseases.

Common allergens vary among different geographic
regions and cultures [10], while the manifestations of
atopy also vary among different populations [11-13].
Those variations may have contributed to the inconsist-
ent findings in different study populations. The findings
from other populations may not apply to Chinese adults.
As obesity has become a major health concern in China,
its associations with atopic diseases in this population
are still not clear. In this individually matched case—con-
trol study of Chinese adults, we assessed the associations
of obesity with four atopic diseases.
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Methods

Study participants

This is a matched case—control study with a case to con-
trol ratio of 1:2. During March 2009 and March 2011,
patients who visited the Department of Allergy of the First
Affiliated Hospital of Harbin Medical University in Harbin
in Northeast China were eligible for this study. Those with
previously diagnosed atopic disorders were determined
according to the current guidelines for allergic asthma
[14], dermatitis [15], rhinitis [16] and food allergy [17],
and were further confirmed with allergen-specific IgE test-
ing to the most common sixteen allergens in the region
[18-23]. We identified 266 patients, aged 18 years or older,
with previously diagnosed atopic diseases and all cases
were confirmed by at least one positive allergen-specific
IgE. We also recruited healthy adults who visited the same
hospital for a health check-up during the same period as
potential controls. All cases and controls had a complete
set of allergen-specific IgE testing, an interview with a
structured questionnaire and anthropometric measure-
ments. Final eligible controls were those who were nega-
tive in all IgE tests. Professional athletes and pregnant or
breastfeeding women were excluded. Each case was
matched to two healthy controls according to the follow-
ing criteria: 1) from the same region (urban or rural), 2)
with the same gender, and 3) within 2 years in age. We
matched 532 controls to 266 atopic disease cases. All sub-
jects provided written informed consent to participate in
this study. This project was approved by the First
Affiliated Hospital of Harbin Medical University’s Ethical
Review Committee.

Measurements

Allergen-specific IgE testing

Before matching, allergen-specific IgE in serum concentra-
tions to sixteen most common allergens in the region were
measured using the AllergyScreen system (Mediwise Ana-
lytic GmbH, Germany) in all potential cases and controls.
Atopic sensitisation was defined if the concentration of at
least one of the allergen specific IgE was 0.35 kU/L or
greater. The sixteen allergens were Dermatophagoides
pteronyssinus, common ragweed and mugwort, hop, cat
and dog fur, egg white/egg yolk, fish, crab, shrimp, milk,
beef, mutton, wheat, mould mixture (Penicillium notatum,
Cladosporium herbarum, Aspergillus fumigatus, Alter-
naria alternate), tree pollen mixture (Robur, Elm, London
Plane, Willow, cottonwood), blue mussel and German
cockroach [18-23].

Anthropometric measurements and obese

Body weight was measured to the nearest 0.1 kg using a
calibrated standard scale with participants wearing light
dress without shoes. Height was measured to the nea-
rest 0.1 ¢cm using a stadiometer. The physician who
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performed the anthropometric measurements did not
know the nature of this study and the grouping of the
study participants. Body mass index (BMI) was calcu-
lated as body weight (kg) divided by height (m) squared
(kg/m?). According to the Working Group on Obesity in
China, the participants with a BMI> 28.0 kg/m* were
considered as obese [24].

Demographic, family history and lifestyle factors

A structured questionnaire interview was conducted to col-
lect data on the characteristics of study participants. The
demographic factors and other characteristics included sex,
age, residential region (urban vs rural), education level and
marital status. Lifestyle variables included cigarette smok-
ing, alcohol drinking and physical exercise. The data on
family history of related diseases such as eczema, asthma,
hay fever and food allergy were also collected.

Data analysis

Differences in BMI between cases and matched controls
were calculated using regression for clustered data to take
the matched design into consideration. The prevalence of
obesity was calculated for cases and controls. To assess
the associations of obesity with atopic diseases and to con-
trol for potential confounding factors, adjusted odds ratios
(OR) and their 95% confidence intervals were calculated
using conditional logistic regressions. A separate analysis
was conducted for each of the four atopic diseases. All
analyses were performed using Stata 12.1 [25].

Results

Characteristics of cases and controls

Table 1 shows the characteristics of total atopic cases
and controls. Due to the nature of matching, two groups
had identical gender and similar age distributions. The
case and controls within each matched set were from
the same residential region. There were no significant
differences between cases and controls in height,
cigarette smoking, alcohol drinking, physical exercise,
education, and marital status. The proportion of partici-
pants who had a family history of atopic asthma, ec-
zema, rhinitis, and food allergy was higher in cases than
in controls. The atopic disease group also had a signifi-
cantly higher prevalence of obesity than controls.

BMI categories and atopic diseases

Distributions of BMI categories among cases and con-
trols are shown in Table 2. The difference in BMI cat-
egories between atopic cases and controls reached
statistical significance for the presence of any atopic dis-
orders (p <0.001), atopic dermatitis (p = 0.020) and
atopic rhinitis (p = 0.022), with cases having higher
prevalence of obesity than controls. The difference
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Table 1 Characteristics of Chinese atopic cases and their
individually matched controls
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Table 3 Associations of obesity with atopic diseases in
Chinese adults

Atopic cases Controls p Crude Adjusted ?
Numbers 266 532 Atopic disorders  OR P OR p
Age, years 385 (12.1) 385 (1200 098 Dermatitis 2.7 (12,63) 0.023 35(14,87) 0.0078
Males, n (%) 80 (30.1) 160 (30.1) 1.0 Rhinitis 3.1(1.1,87) 0.029 40(13,123) 0.017
Residential region: rural, n (%) 37 (13.9) 74 (13.9) 1.0 Asthma 34 (06, 19.9) 017 7.1 (0.8, 624) 0.078
Marital status: married, n (%) 213 (80.1) 441 (82.9) 033 Food allergy 1.1 (04, 3.7) 0.84 1.6 (04, 6.0) 047
Height, cm 1654 (7.5) 165.1 (75) 054 All disorders 32(18,5.7) <0.001 38 (20, 69) <0.001
Weight, kg 634 (13.2) 619 (10.2) 0075 @ Adjusted for age, sex, education, cigarette smoking, alcohol drinking, marital
> status, family history and physical exercise.
BMI, kg/m 23.1 (3.9) 227 (3.1) 0.10
Cigarette smoking, n (%) 52 (195) 113212 058 CI: 1.8, 5.7). As shown in Table 3, the associations varied
Alcohol drinking, n (%) 26 (9.8) 76 (143) 0072 for different atopic diseases. Obesity was positively and
Exercise > 1 per week, n (%) 79 (31.4) 167 (314) 063 significantly associated with atopic dermatitis (OR = 2.7,
Education 0.14 95% CI: 1.2, 6.3) and atopic rhinitis (OR = 3.1, 95% CL:
Primary school 1907.1) 53 (100) 1.1, 8.7). The association between obesity and atopic
High school 120 (526) 299 (562 asthma was posit.ive but not ‘sigtnificant (OR = 3.‘4, 95%
Tertiary 107 @02) 180 338 CI: 0.6, 19.9) while the association bgtheen ob‘esrc‘y and
Family history of allergic diseases 96 (36.1) 119 (224)  <0.001 food allergy was weak and not staFlstlFally mgnlﬁca‘nt
(OR = 1.1, 95% CI: 04, 3.7). After adjusting for potential
Obese, n (%) 31 (11.7) 22 (4.1) <0.001

between cases and controls was not statistically signifi-
cant for atopic asthma and food allergy.

Associations of obesity with atopic diseases
Obesity was significantly associated with the presence of
atopic diseases in the study population (OR = 3.2, 95%

Table 2 BMI category and atopic disorders in Chinese adults

Atopic disorders BMI Controls, Cases, P
categories n (%) n (%)

Atopic dermatitis
<24 122 (67.8) 59 (65.6) 0.020
24-279 46 (25.6) 17 (18.9)
28+ 12 (6.7) 14 (15.6)

Atopic rhinitis 0.022
<24 125 (65.8) 72 (75.8)
24-279 58 (30.5) 13 (137)
28+ 7(37) 10 (10.5)

Atopic asthma 0.16
<24 34 (63.0) 17 (63.0)
24-279 17 (31.5) 6 (22.2)
28+ 3(5.6) 4(14.8)

Food allergy 0.85
<24 110 (67.1) 57 (69.5)
24-279 45 (274) 20 (244)
28+ 9(55) 5(6.1)

Any atopic disorders above <0.001
<24 362 (68.0) 186 (69.9)
24-279 148 (27.8) 49 (184)
28+ 22 (4.) 31 (11.7)

confounding factors of age, sex, education, cigarette smok-
ing, alcohol drinking, marital status, family history of
atopic diseases and physical exercise, obesity remained sig-
nificantly associated with atopic dermatitis and rhinitis.

To assess if the association between obesity and the
presence of any atopic disorders depended on sex, we
estimated crude and adjusted OR values of the presence
of atopic disorders for obesity for males and females sep-
arately. The crude ORs were similar for males (3.1, 95%
CIL: 14, 7.2) and females (3.2, 95% CI: 1.4, 7.3), and the
adjusted ORs were 4.0 (95% CI: 1.6, 9.8) for males and
3.2 (1.3, 7.8) for females.

Discussion

In this matched case—control study, we found that obes-
ity was significantly associated with atopic diseases in
Chinese adults. Specifically, obesity was significantly
associated with atopic dermatitis and atopic rhinitis, but
the association between obesity and atopic food allergy
was weak and not statistically significant.

In the current debate on the association between obes-
ity and atopy in adults, some studies support the pres-
ence of a positive association [4-6]. In a study of 1997
Canadian adults, Chen et al. found a significant associ-
ation between obesity and atopy with an adjusted odds
ratio 1.33 (1.04, 1.71). In another study of 2090 Ameri-
can adults, Silverberg et al. reported positive associations
of obesity with atopic dermatitis and atopic asthma [5].
On the other hand, several studies have failed to support
the association between obesity and atopy in adults [7,8].
The data from Germany suggest no association between
obesity and atopy (OR = 1.03, 95% CI: 0.70, 1.50) [7].
The data from Australian adults showed no association
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between BMI and atopy [26]. A multicentre cross-
sectional survey of young adults in Europe showed that
there was a positive association between high BMI and
the risk of asthma attacks in women but there was no
association between BMI and sensitization to any of
allergens tested in the study [8]. Leung et al. showed that
obesity was not associated with atopy in Chinese chil-
dren [27]. Little data are available from Chinese adults.
In our study, we examined the associations of obesity
with four atopic diseases and our findings confirmed sig-
nificant associations of obesity with atopic dermatitis
and atopic rhinitis in Chinese adults.

The association between obesity and asthma was in-
conclusive. The sample size for assessing the association
between obesity and atopic asthma in our study was too
small to provide a conclusive association, as indicated by
the wide 95% confidence intervals even though the point
estimate of OR was as high as those for atopic dermatitis
and atopic rhinitis. Our data do not support an associ-
ation between obesity and food allergy.

Although our findings support a positive association be-
tween obesity and atopic diseases such as atopic dermatitis
and atopic rhinitis, we are unable to establish a cause-
effect relationship. Due to the nature of case—control de-
sign, all cases in this study had previously diagnosed
symptomatic atopic diseases which were confirmed by
positive allergen-specific IgE tests during the study period.
It is possible that the observed association was due to the
fact that atopic diseases increased the risk of obesity.
Those with atopic dermatitis or atopic rhinitis might be
more likely to experience weight gain because of restricted
physical activities, increased energy intake and side effects
of some treatments. Nevertheless, the positive and signifi-
cant association between obesity and atopic diseases has
important public health implications for control and man-
agement of both atopic diseases and obesity related
chronic diseases. Our findings warrant further investiga-
tion on the causal relationship between obesity and atopic
diseases and the effect of weight reduction on preventing
atopic dermatitis and rhinitis in adults. As there is an in-
creasing trend in both obesity and atopic disease in China
[1,9], further understanding the underlying mechanism is
important for planning intervention strategies for both
obesity and atopic disorders.

There are several strengths in this study. First, all cases
and controls were confirmed by allergen-specific tests to
sixteen common allergens in the region to minimise po-
tential misclassification. Second, we used an individually
matched design according to multiple factors of age, sex
and residential regions to improve the comparability be-
tween cases and controls. Third, data on weight and
height of both cases and controls were obtained through
direct physical measurements which should be more
accurate and reliable than self-reported values.
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There are some limitations in this study. First, because
BMI was used to define obesity, we were not able to dis-
tinguish central obesity from peripheral obesity in this
study. Nevertheless, several studies have consistently
documented strong correlations of BMI with waist cir-
cumference and the body fat measured by dual-energy
X-ray absorptiometry [28,29]. Second, the sample size was
relatively small for some atopic disorders. For example, we
had only 27 cases and 54 controls for assessing the associ-
ation between obesity and atopic asthma. It is possible that
obesity is truly associated with atopic asthma but our data
had a low statistical power to detect such an association.
Therefore, further studies are needed to investigate the as-
sociation between obesity and asthma. Also, even though
we were able to establish a positive association for some
atopic disorders, due to the small sample sizes, the effect
estimates were imprecise as reflected by the wide 95%
confidence intervals. Further research with a large sample
size is needed to more accurately quantify the association
between obesity and atopic disorders in Chinese adults.
Third, although we confirmed the associations of obesity
with two atopic diseases (atopic dermatitis and rhinitis),
we were not be able to establish the time sequence of
which conditions had occurred first. Nevertheless, our
findings of the associations of obesity with atopic diseases
warrant further cohort studies in this area.

Conclusions

Obesity is positively and significantly associated with atopic
dermatitis and atopic rhinitis in Chinese adults, suggesting
those atopic diseases are either consequences or risk fac-
tors of obesity. Our findings have important public health
implications for the management and prevention of atopic
diseases and obesity related chronic diseases. Further re-
search aiming at elucidating the temporal relationship be-
tween obesity and those atopic diseases is required.
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