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Abstract
We aimed to assess the possible relationship between food allergy and two key adipokines – leptin and adiponectin – in children with food
allergy. A total of forty patients with definite diagnosis of food allergy according to clinical history and specific IgE (sIgE) for food allergens
(group I) were enrolled in this pilot study. The control group (group II) included thirty children with no evidence of allergic symptoms. Serum
levels of leptin and adiponectin were measured by ELISA. Meanwhile, sIgE was measured for the eight most common food allergens by the
immunoblot method in all participants. The median ages in groups I and II were 18·5 and 23·5 months, respectively. The respective Caesarean
section rate was 64·9 and 16·7% in groups I and II (P< 0·001). Serum levels of adiponectin were significantly higher in the patient group
compared with controls (24·11 (SD 12·14) v. 10·67 (SD 12·23) μg/ml, P< 0·001), whereas no statistically meaningful difference was detected in
serum leptin concentrations (P= 0·92). There was a significant inverse relationship between age and adiponectin levels in group I (P= 0·002,
r –0·479) and group II (P= 0·04, r –0·365), and it was more significant in group I. The most common allergens in the patient group were wheat
(52·5%), hazelnut (52·5%), cow’s milk (50%) and egg white (30%). The results of this study suggest an essential link between adiponectin and
food allergy that is probably unlikely to be affected by obesity as a confounding factor.
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The prevalence of immediate hypersensitivity reactions to food,
commonly called food allergies, is on the rise at an alarming
rate in industrialised countries(1), although the reasons are not
clear(2). The increase in the incidence of food allergy is likely to
be related to environmental factors because its rise is more
rapid than genetic deviation(3). Factors such as hygiene and lack
of exposure to pathogenic microbes, the composition of the
intestinal microbiota, diet, obesity, vitamin D insufficiency/
deficiency and environmental chemical exposure have all been
proposed to contribute to this alarming rise in the rate of food
allergy in countries with a Westernised lifestyle(2,4,5–7).
Recent studies revealed that both obesity and allergy had

simultaneously become more prevalent throughout the world.
This has brought the hypothesis that there is a relationship
between these two chronic diseases(5). Obesity and immune
system are linked with the adipose tissue(8). The chronic sys-
temic inflammation, induced by excess adipose tissue(9), may
explain the relationship between obesity and allergy(10). How-
ever, there are inconsistencies in research results. Despite the
association between obesity and the development of atopic

dermatitis among children(5), no clear association was found
between obesity and the prevalence of other allergic diseases
such as allergic rhinitis and allergic conjunctivitis. The results of
NHANES from 2005 to 2006 revealed that systemic inflamma-
tion may be considered as a contributor in the development of
allergic diseases, and obesity may increase the prevalence of
allergic diseases, mainly food allergy(10).

The aim of this study was therefore to investigate whether
adipokines as markers of obesity and fat tissue are associated
with food allergy. Despite the existence of other adipokines, we
decided to evaluate the role of adiponectin and leptin as the
most fundamental ones in this pilot study.

Methods

The methodology of this study was conducted according to the
Declaration of Helsinki and approved in research and ethical
committee of Immunology, Asthma and Allergy Research
Institute (IAARI) (IR.TUMS.IAARI.REC.1395.385). The statistical

Abbreviation: sIgE, specific IgE.
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power of the study was 80%, and two-sided significant level
was 0·05. The formula for determining the sample size is
mentioned below:

n=
1
q1 +

1
q0

� �
ðZα +ZβÞ

E
S

� �
2

where q1= 0·55, q0= 0·45, Zα= 1·95996, Zβ= 0·84162, stan-
dardised effect size= (E/S)= 0·65, case group= 42 and control
group= 34.
Accordingly, forty patients with food allergy (group I) were

selected from patients referred to IAARI for allergy diagnosis
from December 2014 to April 2015. Diagnostic criteria for food
allergy included a clinical history of allergic reaction to food and
a positive specific IgE (sIgE) test to food allergens. The level of
sIgE was determined for all children with typical symptoms of
food allergy. The diagnosis was confirmed with sIgE >0·7 IU/
ml, independently of type of food allergens as a pilot study with
limited patients. Then, children with typical symptoms along
with positive laboratory findings were included in this study(11).
Considering the fact that DHA and EPA supplementations may
result in increased adiponectin level, all children who had
received any kind of dietary modification and supplementation
were excluded from this study.
In all, thirty children with no allergy symptoms who were

referred to the Urology Department of Children Medical Center
for minor surgical procedures (such as circumcision, hypospa-
dias or hernia) were selected as controls (group II). Case and
controls were matched for age and sex. After obtaining
informed consent, a data gathering questionnaire (including
demographic and clinical data) was completed for both groups.
To monitor the growth, weight-for-age and BMI-for-age per-
centiles were calculated for subjects under and above 2 years of
age, respectively. Subsequently, 2–3ml of blood sample was
collected from the remaining samples taken for allergic diag-
nosis or routine tests for surgical procedures in study groups.
Their serums were separated and stored at −20°C. Serum sIgE
levels were measured using RIDA qline Allergy kit (R-Bio-
pharm) in both groups. The RIDA qline allergy test is an
immunoassay technique on nitrocellulose membrane. Allergens
were coated on the surface of the membrane. The strips were
evaluated with a 3D scanner and qline software. The unit of
sIgE is IU/ml. In addition to sIgE measurements, serum leptin

and adiponectin levels were assessed by sandwich ELISA kit of
leptin (LDN) and adiponectin (R&D Systems).

Statistical analysis

Data analysis was performed using IBM SPSS 20. The frequency
and percentage of categorical data were determined. Parametric
and non-parametric statistical tests were selected considering
quantitative data distribution (using Kolmogorov–Smirnov test).
Independent t test and Mann–Whitney were applied to com-
pare a quantitative variable between two independent groups.
Pearson’s and Spearman’s tests were used to evaluate the cor-
relation between two quantitative groups. A P-value <0·05 was
considered significant.

Results

The frequency of skin (eczema, urticaria, itching), respiratory
(sneezing, dyspnoea, wheezing, cough) and gastrointestinal
(abdominal pain, diarrhoea, vomiting, blood in stool, nausea,
reflux, constipation) symptoms were 82·5, 45 and 70%,
respectively. On the basis of clinical history, 25 and 15% of
patients reported anaphylaxis and angio-oedema-like symp-
toms that were not confirmed by laboratory findings. The
median ages of participants in patient and control groups were
18·5 (Q1= 8, Q3= 42) and 23·5 (Q1= 18, Q3= 28) months,
respectively. The results of this study revealed that there was no
significant difference in sex and age between the study groups
(P> 0·05). However, there was a disproportionate representa-
tion of males in groups I and II (28/12 and 19/11, respectively).
Normal vaginal delivery rates were significantly lower in the
patient group (21·6 v. 56·7%, P= 0·003). Elective Caesarean
section rate in groups I and II was in turn 64·9 and 16·7%,
respectively, showing a significant difference among groups
(P< 0·001). There was no significant difference in breast-
feeding and bottle-feeding rates between two groups. As
depicted in Fig. 1, a significant difference was detected between
groups I and II in birth weight (3·23 (SD 0·45) v. 3·67 (SD 0·35) kg,
P< 0·001) and birth length (0·49 (SD 0·02) v. 0·51 (SD 0·01)m,
P= 0·002). According to the growth rate indices, neither the
patient nor the control groups were overweight or obese.
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Fig. 1. Comparison of birth weight and birth length between groups. Values are means and 95% confidence intervals. **P< 0·01, ***P< 0·001.
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Serum levels of adiponectin were significantly higher in the
patient group compared with the controls (24·11 (SD 12·14) v.
10·67 (SD 12·23) μg/ml, P< 0·001). The median serum leptin
concentration was 2·15 (Q1= 1·35, Q3= 3·85) in group I,
whereas the median level of this mediator was 2·35 (Q1= 1·21,
Q3= 5·01) in group II, with no statistically significant difference
among groups (P= 0·92) (Fig. 2). There was a significant
inverse relationship between age and adiponectin levels in
group I (P= 0·002, r –0·479) and group II (P= 0·04, r –0·365).
However, the results were more significant in group I. In spite
of a positive correlation between age and leptin levels in
group I, the difference was not statistically significant (P= 0·053,
r 0·308). There was no statistically significant difference
between the level of different adipokines and type of delivery.
Similarly, no statistically significant difference was detected
between the level of adipokines and sexes.
On the basis of sIgE levels, the most common allergens in the

patient group were wheat (52·5%), hazelnut (52·5%), cow’s
milk (50%), bovine serum albumin (BSA, 36·7%) and egg white
(30%) (Fig. 3). The concentrations of adipokines (leptin and
adiponectin) were compared between patients according to
sensitisation (positive or negative) to milk, wheat, hazelnut,
peanut, egg white, egg yolk, BSA and carrot. Accordingly, a
significant difference was detected between the concentration
of adiponectin and positive sIgE to carrot allergen (P= 0·004),
as well as adiponectin concentration and sIgE to BSA allergen
(P= 0·01). No significant correlation was detected between the
sum of sIgE level (all evaluated allergens) and none of the
measured adipokines.

Discussion

Food allergy is considered a complex genetic disorder in which
environmental factors have robust influence, resulting in a
recent increase in its prevalence around the world(12). One of
the most important environmental factors is obesity(7). Growing
evidence has focused on the role of obesity and the adipose
tissue on the immune system(8). Indeed, secretion of a variety of
protein signals such as leptin and adiponectin from adipocytes
has caused the white adipose tissue to be considered as an
important endocrine organ(4). The adipokines are involved in

the pathways linking obesity and allergic sensitisation(13). As
food allergies usually begin in children aged below 5 years and
at this age period detection of obesity is not routine, in this
study we investigated obesity and being overweight through
the pivotal adipose tissue markers such as adiponectin and
leptin. According to our findings, the serum level of adiponectin
was significantly higher in the case group compared with the
control group. However, no statistically significant difference
was detected in serum leptin concentrations between the study
groups. These results are in contrats to the study of Radon
et al.(13), which was conducted in an adult population. In adults,
it seems that obesity can induce an imbalance in the immune
cell responses and may decrease the body’s immunological
tolerance(5). In infant studies, there is no evidence of obesity’s
influence on food allergy(10,14). Adiponectin has anti-
inflammatory action and is capable of attenuating allergen
responses(13). Higher adiponectin level in allergic patients of the
current study may be due to lower birth weight and subse-
quently lower fat tissue in this group compared with healthy
controls. It seems that lower pregnancy termination age owing
to a higher rate of Caesarean sections in group I could result in
lower birth weight and length in this group. As adiponectin has
anti-inflammatory action, it seems reasonable to have higher
adiponectin levels in allergic children owing to inflammatory
conditions in comparison with controls with no inflammatory
responses. This increase is unlikely to be affected by obesity as
a confounding factor. In fact, these children are less likely to be
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Fig. 2. Serum levels of adiponectin and leptin in allergic patients and healthy controls. IQR, interquartile range. For adiponectin, values are means and 95%
confidence intervals. For leptin, values are medians and interquartile ranges. ***P< 0·001.
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Fig. 3. Prevalence of the most common allergens in the patient group.
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overweight owing to dietary restrictions and natural food refusal
of children to avoid unpleasant digestive and dermatological
symptoms.
The result indicated male predominance in both case and

control groups. Because of the small sample size in our study,
the pattern of sex disparity in food allergy is independent of the
specific type of allergenic food. Nevertheless, there is a sig-
nificantly higher male:female ratio in group I. Our data are
comparable to the presence of sex disparity in the published
studies in food allergy in PubMed database(15). The immune-
modulating effect of sex hormone could provide a convenient
explanation for food allergy after puberty, more than that pro-
vided by our finding during infancy and childhood. Genetic
predisposition could explain the increased complaints of food
allergy among prepubescent boys in our analysis. The sexual
genotype is the basis of sex differences, and an X-linked
recessive trait associated with allergic disease would be more
likely to be unmasked in males, being able to explain the
predominance of food allergies in males at a very young age(15).
Our findings revealed that delivery by Caesarean section was

significantly higher in the case group compared with controls.
This result is compatible with other studies regarding the asso-
ciation between Caesarean section and allergic outcome. The first
colonisation of the neonatal gut has occurred through the process
of vaginal delivery with maternal vaginal bacteria, whereas Cae-
sarean section babies are deprived of this natural exposure and
exhibit a different gut flora(16,17). This different composition of the
flora could interact with the normal GI immunological tolerance
and could be an explanation for the association between higher
cesarean section rates in food-allergic patients. According to the
relationship of type of delivery and development of immune
system(18), controlling the incidence of elective Caesarean sec-
tions may have a positive impact in reducing the prevalence of
allergic diseases including food allergy.
The results of our previous study on non-fatal anaphylactic

attacks among sixty-three Iranian children revealed that the
most common causes of anaphylactic reactions were milk and
wheat(19). In another study, milk, egg and wheat were deter-
mined to be the most common food allergens among 313 Ira-
nian allergic children(20). The results of current study were
compatible with our previous findings in terms of common food
allergens among atopic children. Accordingly, wheat, hazelnut,
cow’s milk and egg white were found to be the most common
food allergens.

Conclusion

Considering the fact that adiponectin level was significantly
higher in the patient group and this level had an inverse rela-
tionship with age of the patients, it may be concluded that the
anti-inflammatory characteristics of this cytokine may result in
symptom improvement in older atopic children. In other words,
atopic paediatrics may produce higher level of this anti-
inflammatory protein to deal with inflammatory reactions.
Therefore, it seems that increased level of adiponectin in allergic
patients, regardless of weight changes, may be attributed to the
anti-inflammatory characteristics of this protein. However, this

still remains as a hypothesis that needs further investigations to
be confirmed. Larger group of allergic children and more precise
evaluations on other defined adipokines other than adiponectin
and leptin are required to draw firm conclusions and find the role
of each adipokine in the allergy pathway.
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