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Abstract

The prevalence of both obesity and allergy has been increas-
ing throughout the world, leading to the hypothesis that the
two are linked to one another. This overview summarizes the
results of 34 studies from 2002 to 2012 that investigated a
possible contributing effect of increasing body mass on the
development and prevalence of various atopic diseases.
Obesity was found to clearly affect bronchial asthma. How-
ever, the correlation was stronger in the nonatopic asthma
phenotype. Obesity was found to be associated with the de-
velopment of atopic dermatitis in children only. No clear as-
sociation was found between obesity and the prevalence of
allergic rhinitis or allergic conjunctivitis or increased sensiti-
zation to food allergens. This review sums up our study re-
sults and discusses a possible role of obesity in the promo-
tion of allergy and asthma. Copyright © 2013 S. Karger AG, Basel

Introduction

Obesity is a growing health problem throughout the
world [1-3]. In the past few decades, the number of obese
and overweight people has reached extremely high levels.
The World Health Organization states that in 2008, the

number of overweight adults rose to more than 1.4 bil-
lion, about 500 million of whom were obese [4]. Accord-
ing to the results of studies to date, it is supposed that
obesity is linked to the increased prevalence of bronchial
asthma (BA). Currently, about 235 million people in the
world suffer from asthma [5]. The rising number of obese
subjects along with the increase in asthma prevalence
supports the hypothesis that the two conditions may be
linked to one another [6]. Various studies are currently
giving attention to a possible effect of obesity on other al-
lergic diseases like allergic rhinitis (AR), allergic conjunc-
tivitis (AC), atopic dermatitis (AD) or food allergy. An
imbalance in the immune cell responses may support or
facilitate a hypersensitive reaction of the immune system
or even decrease the body’s immunological tolerance, ul-
timately leading to allergic diseases [7]. This overview
summarizes the results of 34 studies concerning the con-
tributing effects of obesity on the development and prev-
alence of various atopic diseases.

Methods

Thirty-four epidemiological studies published between 2002
and 2012 were collected through an electronic search of the
MEDLINE database. Selected keywords for the search were ‘obe-
sity’ in relation to ‘asthma’, ‘atopic asthma’, ‘atopy’, ‘allergic rhini-
tis’, ‘atopic dermatitis’, ‘allergic conjunctivitis’, ‘sensitization’ and
‘allergic diseases’. Most of the studies were case-control studies
retrospectively comparing subjects suffering from a disease to
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those not suffering from the disease. Prospective studies were also
included, providing measurements of a variety of variables in the
selected population over a certain period of time to observe the
development of allergic disease [8].

Results were grouped by the individual type of body composi-
tion (normal-weight, overweight or obese) and the risk of develop-
ing allergy. To compare and categorize the data, studies were se-
lected that used standardized ranges of the body mass index (BMI).
Normal weight, overweight or obesity in adults was defined as a
BMI of 18.5-24.9, 25.0-29.9 or 230, respectively [9]. Normal
weight in children was defined as a BMI <84th percentile (age- and
sex-specific) of a reference group. Overweight or obesity was de-
fined as a BMI between the 85th and 94th percentile or >95th per-
centile, respectively [10]. Only statistically significant results were
considered (p < 0.05) and only studies using the odds ratios (OR)
as statistical values were included. The OR describes the degree of
association between two variables, in this case between the type of
allergy and the body weight. An OR of 1 is equivalent to no asso-
ciation while an OR >1 shows an increased risk [11].

Results

Obesity and its Relation to Wheezing and BA

The study results to date support the view that obesity
is linked to the increased prevalence of BA (table 1). Stud-
ies investigating overweight and obese children found
that obesity increases the prevalence of wheezing and re-
spiratory symptoms in subjects with a higher BMI com-
pared to normal-weight subjects [12-16]. One study
showed that, up to the age of eight, the risk for wheezing
rises steadily with increasing BMI [12]. Especially in in-
fants, obesity increases the risk for late-onset and persis-
tent wheezing, particularly in girls [12].

Concerning its link to obesity, in children as well as
adults, BA was consistently found to be strongly associ-
ated to being overweight and obese. An increased BMI
even has a dose-response effect on the risk of developing
BA (table 1) [12-27]. Other obesity parameters, such as
waist circumference, body fat percentage (%BF) or the
waist-to-hip ratio, were also associated with an increased
prevalence of BA [20, 27-29]. For example, a waist cir-
cumference >102 cm for men and >88 cm for women al-
most doubled the risk for BA [20]. The study results also
show a gender difference in BA prevalence, with being
overweight a much stronger risk factor for BA in girls
than in boys [12, 30, 31]. However, in yet another study,
no gender differences in children at the age of 12 were
found [14]. Results for adults indicate that women who
are overweight had a significantly higher prevalence for
BA than men (table 1) [19, 20, 28, 32, 33].

Some studies not only focused on the impact of obe-
sity on BA in general, but differentiated between the atop-
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ic and the nonatopic phenotype. For both phenotypes, an
association between greater weight and the prevalence of
BA was observed, but this association was even stronger
for the nonatopic phenotype, especially in girls and wom-
en (table 2) [16, 20, 21, 29, 31, 33, 34].

To further differentiate between the two phenotypes,
some studies included investigations of interleukin (IL)-
4, immunoglobulin E (IgE) and C-reactive protein (CRP)
as markers for inflammation and allergic sensitization,
and therefore characterized the atopic asthma phenotype.
Although levels of IL-4, CRP and IgE were elevated in
overweight and obese children, no positive correlation to
an increased risk for BA was found [35]. In addition, anal-
yses of skin prick tests (SPTs) or IgE serum levels support
that the association between obesity and asthma is inde-
pendent from the subject’s atopic status [26].

Greater BMI as well as other adiposity parameters im-
pacted on lung function in children and adults in a nega-
tive way, leading to a decline in lung function parameters
such as the functional residual capacity and the residual
volume [14, 17, 29, 36-38]. The forced expiratory vol-
umes (FVC and FEV)) investigated via lung function
measurements were significantly decreased compared
with BMI and other adiposity measures [29, 38]. The
FEV, was reported to be inversely correlated to BA [36].
These observations were independent of the subject’s
atopic status [29]. The decline in lung function indicates
a worsening of asthmatic symptoms because breathing
becomes more and more difficult [14]. For children, the
study results show an impairment of asthmatic symptoms
with increasing body weight [14, 36]. In addition, over-
weight and obese asthmatic children showed a signifi-
cantly less positive response to steroid treatment than
normal-weight asthmatics, and lung function parameters
improved only slightly [39].

Obesity and Its Relation to Other Allergic Diseases

As obesity does not amplify the risk for the atopic asth-
ma phenotype (compared to the nonatopic type) it seems
itis notlinked to allergic mechanisms in BA. We went on
to examine studies investigating the effect of obesity on
allergic diseases other than BA.

Increasing weight was found to have a positive influ-
ence on the risk of developing AD in childhood, meaning
that children with an increased body weight have an in-
creased prevalence for AD [12, 40, 41]. In addition, the
earlier a child becomes obese and the longer this state
persists, the more the risk increases. However, this obser-
vation was only seen in the early childhood and disap-
peared around the age of 5 years [40]. An association of
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Table 1. Relationship between overweight or obesity with wheezing and BA

Type of allergy Study Subjects Age Overweight Obese Reference Year
design n years OR (95% CI) OR (95% CI)

Current wheeze cc 457 12 1.7 (1.0-2.5) 1.9 (1.0-3.6) [14] 2003
cc 74 infants 2.6 (0.5-12.1) - [35] 2004
cc 8,334 13-14 - 1.38 (1.07-1.80) [13] 2010
pc 731 3 1.26 (1.04-1.53) - [12] 2011

5 1.33 (1.06-1.67) -
8 1.27 (1.0-1.62) -
8 1.09 (0.79-1.51) (m) -
1.52 (1.01-2.28) () -
pc 1,879 11/2 1.62 (1.13-2.32) - [15] 2012
BA pc 9,149 20-64 1.1 (0.3-3.6) (m) - [32] 2002
1.9 (1.1-3.4) (f) -
cc 18,393 20+ 0.96 (0.68-1.35) 1.43 (1.07-1.92) [22] 2002
pc 10,597 25-52 1.07 (0.62-1.85) (m) 3.47 (1.56-7.72) (m) [23] 2002
1.60 (0.91-2.80) (f) 2.30 (0.87-6.08) (f)
pc 9,456 25-74 0.95 (0.68-1.33) 1.28 (0.83-1.96)* [24] 2003
1.87 (1.12-3.13)**
pc 16,191 20-44 1.14 (0.93-1.41) 1.67 (1.24-2.25) [25] 2004
pc 74 infants 5.8 (1.2-27) - [35] 2004
pc 135,405 14-60 1.27 (1.13-1.43) (m) 1.78 (1.35-2.34) (m) [19] 2004
1.30 (1.17-1.45) () 1.99 (1.67-2.37) ()
cc 618 20-60 1.7 (1.2-2.5) 2.3 (1.4-3.9) [26] 2005
2.6 (1.2-5.5) (m) 3.3(1.2-9.3) (m)
1.8 (1.1-3.2) (f) 3.0 (1.4-6.1) (f)
cc 86,144 20-64 - 1.21 (1.05-1.40) (m) [33] 2006
- 1.85 (1.65-2.07) (f)
cc 50,086 7-15 1.08 (0.96-1.22) 1.18 (0.98-1.44) (30] 2008
- 1.01 (0.78-1.32 (m)
- 1.46 (1.10-1.93) ()
cc 88,304 18+ 1.40 (1.31-1.49) 1.89 (1.73-2.05)* [27] 2009
1.45 (1.36-1.56) 1.97 (1.79-2.16)*
cc 4,493 20+ 1.28 (0.82-2.01) 2.28 (1.76-2.96) [20] 2010
pc 754 18+ 1.09 (0.61-1.94) (m) 1.31 (0.42-4.04) (m) (28] 2011
1.95 (1.22-3.12) () 13.83 (3.15-60.7) (f)
pc 1,815 3 - 2.3 (1.5-3.3) [18] 2011
cc 13,970 20+ - 1.67 (1.44-1.94) [16] 2012
- 1.43 (1.13-1.82) (m)
- 1.83 (1.54-2.18) (f)
cc 681,122 6-19 1.22 (1.20-1.24) 1.37 (1.34-1.40) [17] 2012
pc 396 7 1.87 (1.23-2.84) - [41] 2012

cc = Case-control study; f = female; m = male; pc = prospective cohort study.
* Relates to obese subjects with a BMI 30-34.9. ** Relates to obese subjects with a BMI >35.

increased body weight and AD was not encountered for
children older than 7 years of age [13, 30]. Several studies
also showed that the severity of AD symptoms increased
with an increase in body weight [30, 40]. Murray et al.
[12] observed a slight gender difference between girls
and boys at the age of 3, 5 and 8 years. Particularly at the
age of 5 years, girls had a significantly higher risk for AD
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than boys (boys: OR 1.04, 95% CI 0.82-1.32 and girls: OR
1.55,95% CI 1.18-2.03; table 3) [12]. As AD is encoun-
tered more in childhood, no significant results were re-
ported for the effect of obesity on AD in adults. It should
also be noted that these studies did not differentiate be-
tween the IgE-mediated and non-IgE-mediated type
of AD.
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Table 2. Relationship between overweight or obesity and BA, differentiated into the atopic and nonatopic form

Type of allergy Study Subjects Age Overweight Obese Reference Year
design n years OR (95% CI) OR (95% CI)
Atopic BA pe 1,289 0-12 1.24 (0.76-2.04) 1.92 (0.99-3.71) [21] 2005
cc 86,144 20-64 - 1.18 (0.98-1.53) (m) (33] 2006
- 1.57 (1.36-1.82) ()
cc 17,145 6-7 - 1.09 (0.57-2.07) (m) [31] 2008
- 1.78 (0.88-3.62) (f)
cc 4,493 20+ 1.03 (0.57-1.87) 2.04 (1.37-3.03) [20] 2010
cc 13,970 20+ - 1.95 (1.29-2.95) [16] 2012
cc 3,471 19-72 0.84 (0.34-1.81) - [29] 2012
Nonatopic BA pc 1,289 0-12 1.24 (0.73-2.12) 1.89 (1.00-3.60) [21] 2005
cc 86,144 20-64 - 1.30 (1.05-1.62) (m) [33] 2006
- 2.53(2.11-3.04) (f)
cc 17,145 6-7 - 1.92 (1.13-3.25) (m) [31] 2008
- 2.99 (1.68-5.32) ()
cc 4,493 20+ 1.75 (0.78-3.94) 2.5(1.2-5.2) [20] 2010
cc 13,970 20+ - 1.66 (0.97-2.83) [16] 2012
cc 3,471 19-72 2.91 (1.64-5.02) - [29] 2012
cc = Case-control study; f = female; m = male; pc = prospective cohort study.
Table 3. Relationship between overweight or obesity and specific types of allergy
Type of allergy Study Subjects Age Overweight Obese Reference Year
design n years OR (95% CI) OR (95% CI)
AD* cc 50,086 7-15 1.08 (0.97-1.21) 1.11 (0.93-1.32) (30] 2008
cc 1,242 1-21 0.77 (0.53-1.12) 1.97 (1.21-3.21) (40] 2011
pc 731 1.79 (1.03-3.13) - [12] 2011
AD* and wheeze cc 457 12 2.20 (1.0-4.6) - [14] 2003
AC/ cc 283,077 17-20 1.01 (0.99-1.04) 1.01 (0.97-1.06) [34] 2005
rhinoconjunctivitis** cc 50,086 7-15 0.87 (0.81-0.94) 0.85 (0.75-0.96) [30] 2008
AR** cc 50,086 7-15 1.00 (0.94-1.07) 0.94 (0.84-1.05) [30] 2008

cc = Case-control study; pc = prospective cohort study.

* There was no differentiation between the extrinsic and intrinsic types of AD.
** There was no differentiation between the extrinsic and intrinsic types of AC/rhinoconjunctivitis and AR.

The results of studies analyzing the relationship be-
tween obesity and AR, AC and rhinoconjunctivitis are
inconclusive. One study did not find a significant correla-
tion [34], and in another, a negative correlation with AR
and with AC, especially in boys up to the age of 15, was
even reported (table 3) [30].

In 2 studies, overweight subjects were found to be sig-
nificantly more prone to sensitization to food allergens
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than normal-weight subjects [42-44]. IgE levels in blood
serum were elevated as well as the levels of CRP, showing
that obesity might indeed be linked to increased sensitiza-
tion [43, 44]. Especially in the age group of 2- to 5-year-
olds, the risk for food sensitization was particularly
strong. Interestingly, obesity was more strongly associ-
ated with sensitization to food allergens in males than in
females [43, 44]. There were other studies that did not
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Table 4. Relationship between overweight or obesity and atopy or IgE levels

Study Subjects Age Overweight Obese Reference Year
design n years OR (95% CI) OR (95% CI)
Atopy/sensitization* cc 1,576 3-14 1.10 (0.8-1.5) 0.8 (0.5-1.3) (45] 2009
cc 4,269 2-19  0.68 (0.23-1.99) 1.37 (0.71-2.62) (43] 2009
cc 1,187 18-39 1.67 (1.00-2.80) (m) 1.57 (0.86-2.83) (m) [44] 2009
0.90 (0.53-1.52) (f) 1.56 (0.76-3.21) (f)
cc 4,493 20+ 0.94 (0.81-1.09) 0.89 (0.67-1.19) [20] 2010
cc 2,090 18-79 1.12 (0.87-1.45) 1.51 (1.17-1.95) [42] 2010
0.87 (0.58-1.32) (m) 1.27 (0.73-1.93) (m)
1.30 (0.98-1.82) (f) 1.63 (1.18-2.26) (f)
Specific IgE
Total IgE cc 4,269 2-19 1.16 (0.93-1.45) 1.26 (1.03-1.55) [43] 2009
Food IgE 1.25 (1.02-1.54) 1.31 (1.10-1.57)
Inhalant IgE 1.27 (0.98-1.65) 1.59 (1.28-1.98)

1.08 (0.83-1.42)

1.17 (0.91-1.50)

cc = Case-control study; f = female; m = male. * Atopy or allergic sensitization was defined as being positive to at least one allergen
tested in SPT's [43-45] or as having elevated serum levels for at least one specific IgE [20].

report increased sensitization in overweight and obese
adults (table 4) [20, 45], and in complete contrast, 1 study
found that the risk of sensitization for underweight chil-
dren was doubled compared to that for normal-weight
children [45].

Discussion

The study results summarized in this review support
the view that, in general, obesity is not a promoter of al-
lergy. It may, however, affect atopic diseases depending
on the age and gender of the individual as well as on the
type of disease. It has been shown that it increases the
prevalence of BA in children and adults. However, with
regard to the different phenotypes of asthma, there was a
stronger impact of obesity on the nonatopic than on the
atopic asthma phenotype (table 1, 2). Thus, it is likely that
the link between obesity and BA is not mediated through
allergic mechanisms. Although some studies showed an
increased concentration in T-helper (Th)2 cell cytokines
(e.g. IL-4 and IL-13) in obese asthmatics [37], these may
only play a small role in the interaction between obesity
and BA. Results for IL-4 levels and sensitization in SPTs
in obese asthmatic children are contradictory [46, 47]. In
addition, the total mast cell burden in obese compared to
nonobese children was not increased [48], suggesting that
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Th2 immune responses are not augmented. Likewise,
obesity was not associated with elevated IgE levels in
adults, while the results for children are inconsistent [16,
43, 49]. The observed relationship concerning the atopic
phenotype may be due to the overall association between
obesity and BA, and may be independent from allergic
sensitization and an increased Th2 cell response [50].

Obesity was also investigated in its relation to other al-
lergic diseases. In children, obesity and AD seem to be
linked to one another [12, 14, 30, 40]. The earlier a child
becomes obese, the more the risk for AD rises [40]. This
may be explained through the fact that from birth on, the
child’s immune system has to evolve steadily to be able to
defend itself against all the different incoming molecules.
During this time the immune system is prone to launch-
ing hypersensitive reactions due to development not be-
ing complete [51, 52]. If the child also becomes obese, this
supposedly leads to a greater imbalance of the immune
system and results in extreme reactivity to innocuous
molecules.

The results reported in the studies concerning the ef-
fect of obesity on AD prevalence were varied [12, 14, 30,
40]. This might be due to the different ages of the chil-
dren in the different studies (table 3). AD usually starts
in infancy and the obesity-AD relationship loses its sig-
nificance already by the age of 5 years [40], which might
explain why there was no association seen in children

Int Arch Allergy Immunol 2013;162:205-213
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who were older than 7 years [14, 30]. However, Silver-
bergetal. [40], Murray et al. [12] and Kusunoki et al. [30]
did not differentiate between the two forms of AD. The
extrinsic type is characteristic for its elevated serum IgE
levels and increased Th2 cell activity and affects about
70-85% of AD patients. The intrinsic type of AD is also
called the nonallergic type; it lacks an increased Th2 re-
sponse and affects about 15-30% of AD patients [53]. It
was not clear to which type of AD the study results re-
ferred. Murray et al. [12] included SPTs and showed that
greater BMI in children is not related to an increased
sensitization in SPTs. Another study also found no posi-
tive relationship between increased BMI and increased
sensitivity in SPTs [14]. Subjects with the extrinsic, IgE-
mediated type of AD often have positive reactions in
SPTs for both aeroallergens and food allergens [53]. The
increased OR of 1.79 in the study of Murray et al. [12]
may relate to the intrinsic, non-IgE-mediated type of
AD. We should not exclude the possibility that the pro-
posed relationship of the prevalence of AD in children
and being overweight is not due to an enhancement of an
allergic mechanism, but rather to other mechanisms, as
yet unknown.

Study results concerning the effect of obesity on the
development of AR and AC did not support a rise in the
prevalence of either in children who were obese [30, 34].
Another study investigated the effect of other obesity pa-
rameters such as waist circumference and waist/height
on AR or AC prevalence, but no correlation was estab-
lished [36]. Obesity leads to an increase of various cyto-
kines in the human body, especially those derived from
Th1 cells, e.g. tumor necrosis factor alpha (TNF-a), inter-
feron gamma (IFN-y), IL-6 and IL-2 [54, 55]. Because the
concentrations of these cytokines increase through the ef-
fects of leptin [55-57], various studies have proposed that
the high concentrations of leptin in obese subjects modu-
late the Th1/Th2 balance towards a Th1 phenotype [30,
58, 59]. AR and AC, being primarily diseases related to
the Th2 cell-mediated response [30] involving Th2 cells,
mast cells and IgE, are not significantly affected by the
metabolic changes that occur with obesity. Thus, it is pro-
posed that obesity does not contribute to the pathogene-
sis of AR or AC. Contrary to AR, Th2 and Th1 responses
are found to be involved in the pathogenesis of AD [60].
However, none of the studies used SPTs or examined se-
rum IgE levels in the investigated subjects, and therefore
did not distinguish between IgE-mediated and non-IgE-
mediated AR. Such investigations were not made for AC
either. To be able to further clarify a possible contribution
of obesity to the development of AR or AC, it would be
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necessary to make this differentiation between the two
types.

Obesity may increase sensitization to allergens, espe-
cially food allergens. The sensitization of obese subjects
to food allergens is even stronger than to aeroallergens
and was particularly strong in 2- to 5-year-olds [43].
This may be due to an immune system that is not yet
completely developed, as it has been observed that aller-
gies often disappear as the child grows older [48, 60].
However, it has also been reported that increased sensi-
tization to food allergens is often seen in people who are
underweight [45, 61]. The exact correlation between an
altered body weight and its effects on food sensitization
is not yet well understood. A weakness of many of the
studies that investigated the relationship between obe-
sity and allergy is that SPT's often included only one spe-
cific food allergen or even none. Additionally, very few
studies focused on the evaluation of specific food IgE in
the blood serum [14, 45]. For the examination of sensi-
tivities to food allergens, IgE testing is imperative to ob-
tain more precise results about the obesity-allergy rela-
tionship.

The strong link observed between obesity and BA may
be due to other factors arising from obesity. The results
of the studies indicate that changes in the properties of the
lungs in the obese may account for the effect of obesity on
BA. This is supported by the observation that obesity
leads to a decline in lung function parameters, indepen-
dently of the subject’s atopic status [29, 36-38]. The en-
larging adipose tissue accumulates in the visceral tissue
around the lungs and reduces the space in the thorax,
thereby impeding lung expansion and the movement of
the diaphragm, and as a consequence, it is not possible to
breathe easily. To counteract the imbalance created in
breathing and gas exchange, the airway smooth muscles
launch a greater contractile response, which ultimately
leads to shortness of breath [62].

The increased risk for BA might also be due to an ag-
gravation of inflammation in the human body resulting
from an increased cytokine production and altered levels
of adiponectin and leptin. Obesity is thought to lead to a
state of low-grade systemic inflammation, with elevated
levels of CRP and circulating leptin [16, 21, 35, 37, 42, 46,
63-66]. Leptin levels are elevated in obese subjects and
reach the highest levels in obese asthmatics (e.g. normal-
weight individuals: 2.8 ng/ml, obese individuals: 14.3 ng/
ml and obese asthmatics: 30.8 ng/ml) [35, 46, 66]. Leptin
possibly leads to a downregulation of regulatory T cells
[46]. Consequently, the balance between Th1/Th2 cells
will be lost and a shift to an increased Th1 cell activity may
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occur. Furthermore, some studies showed that leptin ac-
tivates macrophages and increases their production of
macrophage-derived cytokines, switching the balance to
a proinflammatory state in obese people [67]. This would
explain the increased concentration of TNF-a, IFN-y,
IL-6 and IL-2 in obese and asthmatic subjects [68]. In vi-
tro experiments showed an increased production of Th2
cytokines and reduced apoptosis of basophils and eosino-
phils following treatment with leptin [69-71]. However,
high doses of leptin were used in these in vitro experi-
ments compared to the concentrations in human blood
serum (50-100 pg/ml [70] vs. 7.5 ng/ml in normal-weight
and 31.3 ng/ml in obese adults [72]). At present, the exact
influence of leptin on immune responses remains unclear
[55].

CRP as an inflammatory marker is released by the liv-
er after stimulation with IL-6 in the event of acute infec-
tion or tissue damage. In addition, hypoxia in the adipose
tissue leads to apoptosis of adipocytes, and thereby in-
creases CRP levels. CRP may maintain and enhance in-
flammation, but it may also inhibit the production of
IFN-y and induce production of anti-inflammatory me-
diators. So far, the role of CRP as a possible contributor
in the pathogenesis of atopic diseases is not entirely un-
derstood.

Gender differences are consistently reported for the
prevalence of BA in both children and adults. Differ-
ences in body composition may be one reason for this
observation. Women have greater intramuscular fat in-
filtration in their lean mass compared to men, which
results in high systemic leptin and low systemic adipo-
nectin levels as well as in an increased expression of
TNF-a [73, 74]. In addition, differences in %BF between
genders are likely to influence the association of obesity
with asthma. In both genders, BMI is not linearly cor-
related to body fat. At any given age, women have a
higher %BF than men, while men have a greater muscle
mass [75]. The differences in BA prevalence between
genders might therefore arise because of differences in
%BF [37]. Differences in estrogen levels between gen-
ders may also explain the stronger association in women
who are obese compared to men. Estrogen is also pro-
duced by the adipose tissue and so, in obese subjects, its
levels are elevated. Estrogen leads to eosinophilic de-
granulation and to a significant enhancement of eosino-
philic adhesion to human mucosal cells. It may also in-
hibit oxidative burst in leukocytes, thereby enhancing
their survival, which may contribute to an increased in-
flammatory state and to chronic inflammation in obese
subjects [50, 76-79].

Allergy and Obesity

Other studies investigated if the systemic inflamma-
tion caused by obesity may also enhance airway inflam-
mation and therefore lead to BA. In animal models, obe-
sity seems to correlate with increasing airway inflamma-
tion, e.g. accumulation of eosinophils, neutrophils,
monocytes and macrophages in lung tissue due to low
levels of adiponectin or increased levels of IL-6 [80, 81].
In asthmatics, more sputum eosinophils were found [82].
However, there was no correlation between BMI and
number of sputum eosinophils in humans, nor was there
any significant difference in the percentage of eosinophil-
ic and neutrophilic cells between genders and BMI sub-
groups. In addition, adults without BA did not show any
elevation or difference in total or specific sputum cell
counts. In other words, BMI was not associated with these
counts and thus may not be responsible per se for in-
creased airway inflammation [82].

Finally, the question remains: Does obesity promote
the development of asthma or do asthma and reduced
lung function result in reduced physical activity and
therefore the subjects gain weight? Many prospective
studies show that the state of overweight or obesity ex-
isted before the patients received their asthma diagnosis
(19, 23, 24, 28, 32, 35, 41]. A study by Beckett et al. [83]
suggests that the data of many studies do not support the
hypothesis that asthma results in less activity and there-
fore leads to obesity. As it could be shown that obesity can
increase the severity of asthma symptoms, it is proposed
that obesity does indeed promote asthma [14, 17, 36, 46,
66].

Conclusion

Obesity affects different atopic diseases, but the extent
of its influence varies, i.e. depending on the age and gen-
der of the individual as well as on the specific disease.
Obesity modulates children’s developing adaptive im-
mune system, which results in a shift of the balanced re-
sponses of immune cells. It is associated with AD in chil-
dren. In obese children as well as in adults, there is a
strong correlation for the risk of developing BA, espe-
cially concerning the nonatopic asthma phenotype, with
a much stronger link in females than in males. The gen-
eral association of obesity with BA might result mainly
from mechanical and anatomical changes in the obese
human body. It is likely that obesity does not enhance the
Th2-mediated responses of the immune system in adults,
with allergic disease as a result, but it may not be called a
promoter of allergy as such.
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