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Abstract
Background and Aim: Few reports have investigated the as-
sociation between metabolic abnormalities (obesity and re-
lated metabolic syndrome) and total serum IgE concentra-
tions. Methods: This cross-sectional study included a ran-
dom sample of 1,516 adult individuals (44.7% men, aged 
18–91 years, median 52 years) from a single municipality in 
Spain. Serum IgE was measured in the ADVIA Centaur sys-
tem. Atopy was defined by the presence of positive skin prick 
tests to a panel of common aeroallergens in the area. Body 
mass index and data related to the definition of metabolic 
syndrome were obtained from all participants. Alcohol con-
sumption, smoking, and regular physical exercise were as-
sessed by a questionnaire. Results: Atopy (present in 21.9% 
of 1,514 evaluable individuals) was the strongest factor de-
termining serum IgE concentrations. Male sex and heavy al-

cohol drinking were independently associated with higher 
IgE concentrations, particularly in the non-atopic individu-
als. Body mass index was positively associated with IgE con-
centrations, independent of potential confounders, al-
though the effect was only evident among non-atopic indi-
viduals. In that group, median IgE concentrations in 
normal-weight and obese individuals were 15 and 24 kU/L, 
respectively (p < 0.001); likewise, obesity was associated with 
high (>100 kU/L) IgE concentrations after adjusting for po-
tential confounders (odds ratio: 1.79, 95% confidence inter-
val: 1.26–2.56, p = 0.001). The presence of metabolic syn-
drome and its components, particularly abdominal obesity 
and hyperglycaemia, was also positively and independently 
associated with higher IgE concentrations in non-atopic in-
dividuals. Conclusions: Obesity and metabolic syndrome 
components are associated with high total serum IgE con-
centrations, particularly in non-atopic individuals.
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Introduction

Total serum immunoglobulin E (IgE) is a common di-
agnostic measurement in standard clinical practice in al-
lergy clinics, and it is higher in atopic individuals [1–4]. 
Among adults, total serum IgE concentrations can also be 
influenced by a number of both modifiable and non-
modifiable factors. Among the latter, serum total IgE 
concentrations are higher in males and tend to decrease 
with ageing [1–4]. Among modifiable factors, helminth 
infection is a prominent cause of total IgE elevation, par-
ticularly in some parts of the world [1, 2]. Total serum IgE 
is higher among alcohol drinkers (particularly, alcohol 
abusers) [5–7] and among smokers [8]. Moreover, in-
creased total serum IgE concentrations have been report-
ed in a number of non-allergic diseases [1, 2].

The potential effect of obesity and its related metabol-
ic abnormalities on total serum IgE concentrations has 
been scarcely studied. Hence, obesity is not included in 
the usual lists of diseases associated with higher total se-
rum IgE [1, 2]. Obesity is a growing epidemic contribut-
ing to significant disease burden worldwide [9]. Obesity 
and metabolic syndrome (a constellation of features as-
sociated with insulin resistance, including an excess of 
abdominal fat, hyperglycaemia, hypertension, and lipid 
abnormalities) represent a pro-inflammatory state that 
includes abnormalities in cytokines that are involved in 
IgE synthesis such as IL-4 and IL-13 [10–14]. Kim et al. 
[15] observed that total serum IgE concentrations were 
weakly but significantly correlated with BMI, waist cir-
cumference, systolic blood pressure, and triglyceride lev-
el in a sample of 1,528 Korean adults [15]. Likewise, Park 
et al. [16] reported an association between obesity and 
total serum IgE in another sample of 1,577 Korean adults 
older than 30 years. Similarly, Visness et al. [17] reported 
that total serum IgE was higher in those with obesity and 
overweight than in normal-weight individuals in a sam-
ple of 4,111 USA children and young adolescents. How-
ever, Jarvis et al. [18] stated that no association between 
BMI and total IgE was present in the 15,454 participants 
of a multicentre cross-sectional survey of young adults 
from Europe, the USA, and Australia-New Zealand al-
though the precise data were not reported [18]. Impor-
tantly, none of these studies stratified their samples by the 
results of skin prick tests (SPT) as a definition of atopy. 
The present study was aimed at investigating the poten-
tial influence of obesity and related metabolic abnormal-
ities on total serum IgE levels in a general adult popula-
tion, stratified by atopy as defined by positive SPTs and 
after adjusting for potential confounders.

Methods

Design
This is a cross-sectional study that was developed in the mu-

nicipality of A-Estrada (Spain, location 42°41′21′′N, 8°29′14′′W), 
as has been reported elsewhere [19]. The A-Estrada Glycation and 
Inflammation Study (AEGIS) is available at www.clinicaltrials.gov, 
code NCT01796184. The study included an age-stratified sample 
of the general adult population (Fig. 1) from the municipality (n = 
1,516) (44.7% men; median age 52 years, range 18–91 years). All 
participants were Caucasian. The study was approved by the Re-
gional Ethics Committee (code 2010-315). Written informed con-
sent was obtained from all participants.

Main Outcome Measure: Total Serum IgE
The determination of total IgE was made with the ADVIA Cen-

taur Total IgE assay (Siemens Healthcare Diagnostics, Los Ange-
les, CA, USA), a two-site sandwich immunoassay using direct che-
miluminometric technology. According to the manufacturer, the 
analytical measuring range of the assay is 1.5–3,000 kU/L. Serum 
samples with IgE levels >3,000 IU/mL were diluted and retested to 
obtain accurate results. The expected values for adults range from 
0 to 378 kU/L with a geometric mean of 17 kU/L.

Definition of Metabolic Abnormalities
BMI was calculated as weight (in kilogrammes) divided by the 

square of height (in metres). Participants were classified as having 
normal weight (<25 kg/m2), overweight (25–30 kg/m2), or obesity 
(>30 kg/m2). Participants were considered as having metabolic 
syndrome when they met at least 3 of the following Adult Treat-
ment Panel III criteria [20]: (a) abdominal obesity (waist circum-
ference >102 cm in men or >88 cm in women); (b) hypertriglyc-
eridaemia (fasting serum triglycerides ≥150 mg/dL); (c) low HDL 
cholesterol levels (fasting HDL cholesterol <40 mg/dL in men or 
<50 mg/dL in women); (d) increased blood pressure (arterial blood 
pressure ≥130/≥85 mm Hg or current antihypertensive medica-
tion use); and (e) hyperglycaemia (fasting serum glucose ≥110 mg/
dL or current anti-diabetic therapy).

Assessment of Atopy
A panel of SPT to relevant aeroallergens in the area was per-

formed on all participants. The panel included house dust mites 
(Dermatophagoides pteronyssinus and Lepidoglyphus destructor), 
pollens (Phleum pratense, Plantago lanceolata, Betula alba, and 
Parietaria judaica), vegetable panallergens (profilin and peach lip-
id transfer protein), moulds (Alternaria alternata and Aspergillus 
spp.), and animal dander (dog and cat) (ALK-Abelló, Spain). The 
control SPT included 10 mg/mL histamine and saline solution. 
Standard procedures were followed [21]. Wheals with a mean di-
ameter >3 mm after 15 min were deemed positive. The presence of 
at least 1 positive SPT was considered indicative of allergic sensi-
tization or atopy [22].

Assessment of Alcohol Consumption
Alcohol consumption was evaluated in standard drinking units 

[23] by summing the number of glasses of wine (1 unit, ∼10 g), 
bottles of beer (1 unit, ∼10 g), and spirits (2 units, ∼20 g) regu-
larly consumed per week. Individuals with an alcohol consump-
tion of 1–13 units/week were considered as light drinkers, those 
with an alcohol consumption of 14–27 units/week were considered 
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as moderate drinkers, and those with an alcohol consumption ≥28 
units/week were defined as heavy drinkers. The remainder, com-
prising alcohol abstainers and occasional alcohol drinkers, were 
included together in the same group.

Assessment of Smoking
Consumers of at least 1 cigarette per day were considered to be 

smokers. Individuals who had quit smoking during the preceding 
year were still considered smokers, whereas those who had quit 
more than 1 year prior to the study were considered ex-smokers.

Assessment of Physical Activity
All study participants completed the International Physical Ac-

tivity Questionnaire (short version). The questionnaire is freely 
available at https://sites.google.com/site/theipaq/home and has 
been validated in Spain [24]. The questionnaire allows for the cal-
culation of Metabolic Equivalents of Task and for stratification of 
habitual physical activity as low, moderate, or high, as previously 
described [19].

Statistical Analyses
The Kolmogorov-Smirnov test was used to assess the normal 

distribution of variables. The Mann-Whitney test was used to 
compare numerical variables. The Jonckheere-Terpstra test for 
trend was used to compare numerical variables in ordinal catego-
ries. Spearman’s rank test was used to assess correlation. Linear 
regression was used for multivariate analysis of factors associated 
with IgE concentrations. For that purpose, IgE values were log10 
transformed in order to normalize their distribution. For logarith-
mic transformation, cases with undetectable IgE (n = 51) were at-

tributed an arbitrary value of 1 kU/L. Logistic regression was used 
for multivariate analysis of factors associated with high (>100 
kU/L) IgE concentrations. Variables were forced to enter the equa-
tion in all multivariate models. p values <0.05 were deemed statis-
tically significant.

Results

General Distribution of Total Serum IgE
Median serum IgE in the whole study population was 

28 kU/L (interquartile range [IQR]: 8–87 kU/L, absolute 
range <1–5,762 kU/L). A total of 346 (22.8%) individuals 
showed IgE values higher than 100 kU/L. The distribu-
tion of serum IgE was highly skewed (test for normality, 
p < 0.001), but tended to adopt a normal distribution after 
log10 transformation (p = 0.240).

Influence of Atopy
The SPT results were available for 1,514 individuals 

(they were not available in 2 cases due to current antihis-
tamine medication); 332 individuals (21.9%) were atopic 
(SPT positive). Mites were the most common sensitizers 
in the area (data not shown). Atopic individuals showed 
much higher IgE concentrations than non-atopic indi-
viduals (median: 113 kU/L and IQR: 41–274 kU/L vs. me-

Assessed for eligibility
(n = 2,624)

Immunological, metabolic and
lifestyle determinations (n = 1,516)

Township adult population
(n = 18,474)

Age-stratified sampling
(n = 3,500)

Met inclusion criteria
(n = 2,230)

Nonatopic (SPT-negative)
(n = 1,182)

Excluded due to dementia, mental 
retardation, cerebrovascular disease,
terminal cancer, or inability to 
communicate (n = 394)

Declined to participate (n = 714)

Unavailable skin prick tests (SPT, n = 2)

Atopic (SPT-positive)
(n = 332)

Excluded due to non-response, 
termination of recruitment period,
lack of health care coverage, change
of address, or death (n = 876)

Fig. 1. Study profile. SPTs, skin prick tests.
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dian: 19 kU/L and IQR: 6–53 kU/L, respectively, p < 
0.001). Among atopic individuals, higher IgE concentra-
tions were observed among those with respiratory (nasal 
and/or bronchial) symptoms (data not shown). Atopy 
was the strongest predictor of IgE variability in this pop-
ulation. Thus, the effect of additional covariates was strat-
ified into atopic and non-atopic individuals (Table 1).

Influence of Demographic Factors (Age and Sex)
In the univariate analyses, men showed higher IgE 

concentrations than women, both among atopic and 
non-atopic individuals (Table 1). The positive association 
of male sex with IgE concentrations was maintained in 
multivariate analyses after adjusting for potential con-
founders in the non-atopic individuals (Table 2). The ef-
fect of age (in categories) on serum IgE concentrations 
was less evident (Table 1). Among non-atopic individu-
als, there was a trend toward an increase in IgE concen-
trations with the advancing age category (p = 0.009, trend 
test) (Table 1). A similar trend was not observed among 
atopic individuals (Table 1). Accordingly, there was a sta-
tistically significant, positive correlation between age (in 
years) and serum IgE among the non-atopic (rho 0.134,  

p < 0.001) but not among the atopic individuals (rho 
−0.029, p = 0.601). In multivariate analyses, the associa-
tion of age with higher IgE concentrations was statisti-
cally significant in the non-atopic, but not in the atopic 
individuals (Table 2).

Influence of Lifestyle Factors (Exercise, Smoking, and 
Alcohol Consumption)
There was no significant association between physical 

activity and IgE concentrations (Table 1) either among 
atopic (p = 0.128, trend test) or non-atopic (p = 0.937, 
trend test) individuals. Current smoking was associated 
with higher IgE concentrations among non-atopic indi-
viduals in the univariate analyses (Table  1). Even ex-
smokers showed higher IgE concentrations than never 
smokers (Table  1). Such an association, however, was 
not evident among atopic individuals (Table 1). In the 
multivariate analyses, the association between smoking 
and higher IgE concentrations was statistically signifi-
cant in non-atopic, but not in atopic individuals (Ta-
ble 2).

Alcohol consumption, particularly heavy drinking, 
was associated with higher IgE concentrations in the uni-

Table 1. Total serum IgE in relation to age, sex, and lifestyle factors in atopic and non-atopic individuals

Factor Non-atopic (n = 1,182) Atopic (n = 332)

no IgE (kU/L) p value no IgE (kU/L) p value

Sex
Females 668 14 (5–41) Ref 148 99 (28–228) Ref
Males 494 27 (10–79) <0.001 184 133 (49–311) 0.014

Age, years
18–35 163 16 (6–43) Ref 132 140 (41–254) Ref

>35–50 296 16 (5–40) 0.468 116 99 (41–309) 0.882
>50–65 346 24 (8–68) 0.033 45 80 (31–190) 0.236
>65 377 21 (6–61) 0.174 39 138 (51–365) 0.727

Alcohol consumption
Abstainers 435 14 (5–41) Ref 110 110 (28–246) Ref
Light drinkers 448 20 (7–52) 0.004 150 93 (38–253) 0.800
Moderate drinkers 196 27 (8–58) <0.001 45 180 (60–287) 0.268
Heavy drinkers 103 44 (13–132) <0.001 27 169 (91–512) 0.025

Smoking
Never smokers 670 16 (6–46) Ref 154 107 (37–244) Ref
Ex-smokers 313 24 (9–66) <0.001 82 137 (58–285) 0.173
Current smokers 199 22 (8–69) 0.003 96 102 (36–275) 0.911

Physical activity
Low 485 20 (6–58) Ref 109 104 (41–227) Ref
Moderate 431 17 (6–45) 0.076 121 98 (41–250) 0.958
High 266 22 (8–54) 0.647 102 162 (40–358) 0.135

Data are medians and interquartile (25th–75th percentile) ranges (in brackets). Ref, reference category.
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variate analyses, in both atopic and non-atopic individu-
als (Table  1). Among the non-atopic individuals, there 
was a significant trend toward higher IgE concentrations 
with the increasing alcohol consumption category (p < 
0.001, trend test). Even light-to-moderate drinkers 
showed higher IgE concentrations than abstainers (Ta-
ble 1). Among the atopic individuals, this trend was not 
significant (p = 0.055), and only heavy drinkers showed 
higher IgE concentrations than abstainers (Table 1). In 
the multivariate analyses, the association between heavy 
drinking and higher IgE concentrations was statistically 
significant in the non-atopic, but not in the atopic group 
(Table 2).

Influence of Metabolic Abnormalities (Obesity and 
Metabolic Syndrome)
The univariate analyses of serum IgE concentrations 

in relation to BMI and related metabolic abnormalities 
are shown in Table 3. In the non-atopic group, obese in-
dividuals showed higher IgE concentrations than their 
normal-weight counterparts. Obese individuals showed 

a median IgE concentration that was 60% higher than 
that of normal-weight individuals (Table 3). Obesity in 
the non-atopic group was associated with high (>100 
kU/L) IgE concentrations after adjusting for confound-
ers including age, sex, smoking, alcohol consumption, 
and physical activity (OR: 1.79, 95% CI: 1.26–2.56, p = 
0.001). These differences were not observed in the atopic 
group (Table  3). Among non-atopic individuals, there 
was a trend toward an increase in IgE concentrations 
with the advancing BMI category (p = 0.001, trend test) 
(Table 3). A similar trend was not observed among atop-
ic individuals (p = 0.693). Accordingly, there was a posi-
tive correlation between BMI (in kg/m2) and serum IgE 
in the non-atopic group (rho 0.134, p < 0.001) but not 
among atopic individuals (rho −0.029, p = 0.601). In the 
multivariate analyses, the association between BMI and 
higher IgE concentrations was statistically significant in 
the non-atopic group, but not in the atopic group (Ta-
ble 2).

Obesity was closely associated with the presence of 
metabolic syndrome (data not shown). Similar to obesi-

Table 2. Multivariate analysis: linear regression of serum IgE (log10 transformed) in relation to demographics, 
lifestyle factors, and BMI in participants stratified by atopy

Covariate Non-atopic (n = 1,182) Atopic (n = 332)

coefficient (SE) p value coefficient (SE) p value

Sex
Female Ref NA Ref NA
Male 0.176 (0.045) <0.001 0.139 (0.079) 0.078

Age (years) 0.003 (0.001) 0.036 −0.002 (0.002) 0.505
Alcohol consumption

Abstainers Ref NA Ref NA
Light drinkers 0.074 (0.044) 0.099 −0.064 (0.081) 0.434
Moderate drinkers 0.071 (0.059) 0.230 0.002 (0.118) 0.988
Heavy drinkers 0.243 (0.077) 0.001 0.273 (0.145) 0.060

Smoking
Never smokers Ref NA Ref NA
Ex-smokers 0.080 (0.047) 0.088 0.056 (0.089) 0.528
Current smokers 0.167 (0.056) 0.003 −0.049 (0.085) 0.569

Physical activity
Low Ref NA Ref NA
Moderate −0.054 (0.043) 0.211 −0.025 (0.083) 0.762
High 0.024 (0.050) 0.634 0.105 (0.088) 0.236

BMI (kg/m2) 0.014 (0.004) <0.001 −0.008 (0.008) 0.335
Constant (intercept) 0.581 (0.126) NA 2.219 (0.228) NA

For logarithmic transformation, cases with undetectable IgE (n = 51) were attributed an arbitrary value of 1 
kU/L. All listed covariates entered the equation. Covariates explained 7.7% (R2 0.077) and 5.3% (R2 0.053) of the 
variability of IgE in non-atopic and atopic individuals, respectively. Atopy per se explained 18.2% of the variability 
of IgE when all individuals are introduced in the model. NA, not applicable; Ref, reference category.
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ty, metabolic syndrome was associated with higher IgE 
concentrations among non-atopic individuals in the uni-
variate analyses (Table  3). In the multivariate analyses 
(linear regression), the presence of metabolic syndrome 
was positively associated with total serum IgE after ad-
justing for confounders, including atopy, age, sex, alco-
hol consumption, smoking, and physical activity (p = 
0.003). Among metabolic syndrome components, ab-
dominal obesity, hyperglycaemia, and high blood pres-
sure were significantly associated with higher IgE con-
centrations in the univariate analyses in the non-atopic 
group (Table 3). In that group, there was a significant 
trend toward increasing serum IgE concentrations in re-
lation to the number of metabolic syndrome criteria 
(from 0 to 5) in a given individual (Fig. 2). Among meta-
bolic syndrome criteria, abdominal obesity and hyper-
glycaemia were associated with total serum IgE after ad-
justing for atopy, age, sex, alcohol consumption, smok-
ing, and physical activity (p = 0.011 and p = 0.002, 
respectively).
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Table 3. Total serum IgE in relation to BMI, presence of metabolic syndrome, and its components in atopic and 
non-atopic individuals

Factor Non-atopic (n = 1,182) Atopic (n = 332)

no IgE (kU/L) p value no IgE (kU/L) p value

BMI
Normal weight 305 15 (5–42) Ref 117 114 (40–285) Ref
Overweight 447 18 (6–47) 0.573 127 109 (45–268) 0.831
Obese 430 24 (8–70) <0.001 88 115 (30–262) 0.625

Metabolic syndrome
No 920 18 (6–47) Ref 280 113 (41–266) Ref
Yes 262 26 (8–74) <0.001 52 118 (41–447) 0.683

Abdominal obesity
No 615 17 (6–44) Ref 239 108 (41–260) Ref
Yes 566 22 (7–61) 0.004 93 135 (41–322) 0.583

High blood pressure
No 534 16 (5–42) Ref 210 110 (38–246) Ref
Yes 648 24 (8–65) <0.001 122 119 (46–356) 0.248

Hyperglycaemia
No 957 18 (6–46) Ref 299 115 (41–274) Ref
Yes 225 31 (10–89) <0.001 33 109 (39–231) 0.572

Hypertriglyceridaemia
No 970 18 (6–50) Ref 261 114 (41–267) Ref
Yes 208 22 (8–67) 0.054 89 112 (41–396) 0.893

Low HDL cholesterol
No 972 20 (6–53) Ref 276 114 (41–268) Ref
Yes 210 17 (6–51) 0.720 55 108 (35–436) 0.869

Data are medians and interquartile (25th–75th percentile) ranges (in brackets). Ref, reference category.

Fig. 2. Boxplot of total serum IgE concentrations in non-atopic 
individuals in relation to the number of metabolic syndrome cri-
teria per individual. Outliers (values outside 1.5 times the IQR 
above the upper quartile and below the lower quartile) are not rep-
resented but are included in the analysis. The p value was obtained 
with the Jonckheere-Terpstra test for trend.
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Discussion

The present study confirms that atopy is the strongest 
factor associated with high total serum IgE concentra-
tions in adults [1, 2]. Furthermore, it confirms that male 
sex, smoking, and heavy alcohol drinking are associated 
with higher IgE concentrations [1–8], particularly in 
non-atopic individuals. Variability of IgE is higher in 
atopic than in non-atopic individuals, and data disper-
sion may induce that differences related to a given factor 
become no statistically significant in the former group. 
This is the case of alcohol consumption, whose effect is 
similar in atopic and non-atopic individuals, but is only 
significant in the non-atopic group, as previously de-
scribed [5]. Ageing was associated with higher IgE con-
centrations after adjusting for confounders among non-
atopic individuals. This is in contrast with the general 
finding of lower IgE concentrations with advancing age 
although the reported effect is modest [2, 4] and restrict-
ed to females in some studies [3]. In addition to these 
well-known factors influencing total serum IgE levels, the 
present study shows that obesity and the closely linked 
metabolic syndrome are independently associated with 
increased serum IgE concentrations, particularly in non-
atopic individuals. To the best of our knowledge, this is 
the 1st study showing this effect and the difference be-
tween atopic and non-atopic individuals in a Caucasian 
adult population using the results of SPTs as criteria for 
atopy. The same effect was not observed in atopic indi-
viduals.

Obesity has been found to be consistently associated 
with asthma and asthma severity [25–28]; however, its 
relationship with atopy, as defined by the presence of 
serum specific IgE or SPT to aeroallergens, is controver-
sial, particularly in adults [18, 25, 29–33]. In the present 
study, we found no significant association between obe-
sity or metabolic syndrome and atopy as defined by pos-
itive SPTs (data not shown). The potential relationship 
of obesity and related metabolic abnormalities with total 
serum IgE was also controversial. Previous studies in 
Asian adult populations reported an association be-
tween diverse measures of obesity with high IgE levels 
[15, 16]. In young adults from Europe, North America, 
and Oceania, however, no association between obesity 
and IgE was reported although precise data were not giv-
en [18]. However, none of these studies made the dis-
tinction between atopic and non-atopic individuals. 
Therefore, it is not possible to know if such an associa-
tion had become evident when stratifying for atopy. 
Metabolic syndrome was associated with increased IgE 

in the Korean population [15]. In this population, the 
association was also observed with metabolic syndrome 
components such as central obesity, hyperglycaemia, 
high blood pressure, and high serum triglycerides [15]. 
In contrast, HDL cholesterol levels were negatively as-
sociated with IgE [15]. Likewise, total serum IgE has 
been found increased in smaller samples of patients with 
diabetes and pre-diabetes with respect to normoglycae-
mic individuals [34, 35]. This association, however, was 
not observed in other studies [36]. In our study, abdom-
inal obesity and hyperglycaemia were independently as-
sociated with higher IgE concentrations in non-atopic 
individuals. The potential mechanisms for the associa-
tion between obesity, metabolic syndrome, and IgE are 
not known. In our experience, this association in non-
atopic individuals was independent of age, sex, alcohol 
consumption, smoking, and regular physical exercise. 
Obesity and metabolic syndrome are pro-inflammatory 
states [10–14]. It could be argued that the imbalance in 
the production of cytokines with a Th2 predominance 
in these states could favour the synthesis of IgE [37]. 
Metabolic syndrome is a constellation of components 
with underlying insulin resistance [20]. Cytokine imbal-
ance may vary depending on the component considered 
[38, 39] and could explain their different association 
with serum IgE concentrations. Alternatively, causality 
could be the reverse. Kim et al. [15] argue that the eleva-
tion of IgE could favour the development of metabolic 
disorders Mast cell activation might be involved in the 
development of metabolic disorders [40]. Along these 
lines, increased IgE and subsequent mast cell activation 
have been found related to ischaemic heart disease [41]. 
Moreover, IgE may contribute to obesity and atheroscle-
rosis in mice [42]. Further studies would be required to 
elucidate the mechanisms of elevation of total serum IgE 
in these metabolic disorders.

This study has limitations that should be acknowl-
edged. In particular, a cross-sectional design and inherent 
temporal ambiguity are limitations for causality determi-
nation. As strengths, the study has random sampling of 
the general population, adjustment for multiple con-
founding factors, and atopy research using a robust meth-
od, such as SPTs, although specific serum IgE to allergens 
was not determined.

In summary, obesity and some elements of the meta-
bolic syndrome can be added to the list of factors that are 
associated with higher IgE concentrations [1–3]. Further 
studies are needed to investigate the mechanisms under-
lying such association.
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