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Abstract

Background Recent studies have found that total immunoglobulin E (IgE) and allergen-specific IgE were associated
with some metabolic diseases. However, the role of IgE in metabolism among adolescents is still unclear. Herein, this
study aims to investigate the associations of serum total IgE and allergen-specific IgE with insulin resistance (IR) in
adolescents, in order to provide some reference for the prevention and treatment of metabolic diseases in a young
age.

Methods Data of 870 adolescents were extracted from the National Health and Nutrition Examination Survey
(NHANES) database in 2005-2006 in this cross-sectional study. Weighted univariate and multivariate logistic
regression analyses were utilized to screen covariates and explore the relationships of serum total IgE and allergen-
specific IgE with IR. The evaluation indexes were odds ratios (ORs) and 95% confidence intervals (Cls). In addition,
these relationships were also assessed in subgroups of allergy history, asthma history, and number of allergens.

Results Among eligible adolescents, 168 had IR. No significant association between serum total IgE level and IR

was found. However, adolescents with higher level of allergen-specific IgE to rye grass [OR=0.47, 95%Cl: (0.25-0.91)],
white oak [OR=0.57, 95%Cl: (0.37-0.88)], or peanut [OR=0.38, 95%Cl: (0.15-0.97)] seemed to have lower odds of IR,
whereas those had higher level of shrimp-specific IgE [OR=2.65, 95%Cl: (1.21-5.84)] have increased odds of IR. In
addition, these associations between allergen-specific IgE and IR were also discovered in adolescents who had allergy
history or asthma history, or had different numbers of allergens.

Conclusion Paying attention to different allergens in adolescents may be important in the early identification of IR
among this high-risk population. The study results relatively provided some reference for further exploration on IR
prevention.
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Background

Insulin resistance (IR) is a state of responsiveness reduc-
tion in insulin-targeting tissues to high physiological
insulin levels and considered the pathogenic driver of
many diseases [1], which has become an important public
health problem in adolescents [2]. The prevalence of IR
ranging from 2.1 to 90.8% among adolescents in different
stages of sexual maturity and with different nutritional
states [3]. Due to IR in adolescents can increase the like-
lihood of some conditions, such as glucose intolerance,
dyslipidemia, endothelial dysfunction, inflammation, and
sleep-disordered breathing [4], it is of great necessary to
early identify and intervene high-risk populations.

Immunoglobulin E (IgE), a group of immunoglobulins
synthesized and released by B lymphocytes, is one of
the key components involved in the immune response
to allergens. IgE antibodies activates mast cells by bind-
ing to fragment crystallized receptors located primar-
ily on the surface of mast cells, and the animal study
has shown that mast cells were directly involved in diet-
induced obesity and diabetes mellitus (DM) [5]. Total IgE
and allergen-specific IgE may be potential risk factors for
metabolic diseases and cardiovascular diseases (CVDs).
A cross-sectional study among Korean adults suggested
that higher serum levels of total IgE, house dust mite IgE,
and cockroach IgE were all associated with an increased
risk of DM, indicating IgE may be an important indepen-
dent risk factor for metabolic diseases [6]. Similarly, in
the United States, both total IgE levels and allergen-spe-
cific IgE levels have been found to be significantly linked
to the risk of CVD among adults [7]. In addition, total
IgE was also associated with risk of metabolic syndrome
(MS) in middle-aged and elderly Chinese persons [8].
IgE as a risk factor is involved in the regulation of ath-
erosclerosis, obesity and IR through regulating macro-
phage polarization, macrophage-sterol response network
gene expression, and foam cell formation [9]. Neverthe-
less, the roles of total IgE as well as allergen-specific IgE
in metabolism related diseases among adolescents have
been unclear. Clarify the association of IgE with the risk
of IR in adolescents may be beneficial for the exploration
on early biomarker to identify high-risk populations and
may further reduce the disease burdens.

Herein, this study with the aim of investigating asso-
ciations of serum total IgE and allergen-specific IgE levels
with IR in adolescents, so as to provide some information
for further studies on the prevention and treatment of IR
at a young age.

Methods

Study design and population

Data of adolescents in this cross-sectional study were
extracted from the National Health and Nutrition Exami-
nation Survey (NHANES) database in 2005-2006. The
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NHANES is a representative survey research program to
assess the health and nutritional status of populations in
the United States. Regular data collection is carried out
of approximately 5,000 persons from 15 areas since 1999
and examines in two-year periods. The database uses a
multi-stage stratified sampling on the basis of selected
counties, blocks, households, and persons within house-
holds. Data for statistical analyses in this study are col-
lected from the NHANES public use files.

A total of 2,288 adolescents (aged 12-19 years old)
were initially included. The exclusion criteria were miss-
ing the information on fasting glucose, insulin, serum
total IgE concentration, serum allergen-specific IgE
concentration, allergy, asthma, height, systolic blood
pressure (SBP), energy intake, cotinine, or vitamin D
(VD). Finally, 870 were eligible. The NHANES has been
approved by the Institutional Review Board (IRB) of
the National Center for Health Statistics (NCHS) of the
United States Centers for Disease Control and Preven-
tion (CDC). The participation is voluntary and informed
consent has been obtained from all participants. There-
fore, no ethical approval of our IRB was required since
this database was publicly available.

Measurement of serum total IgE and allergen-specific IgE
In the NHANES, the collected blood samples were
used to measure total serum IgE level by the Pharma-
cia Diagnostics Immuno CAP 1000 System (Pharmacia
Diagnostics, Kalamazoo, MI, USA). Details of labora-
tory and quality control procedures can be obtained on
the webpage of the NHANES: https://wwwn.cdc.gov/
Nchs/Nhanes/2005-2006/AL_IGE_D.htm. Briefly, anti-
IgE covalently coupled to the Immuno Cap reaction
vessel reacted with total IgE in the blood sample. Then,
enzyme-labeled anti-IgE antibodies were added to form
a complex. Using developing agent to incubate the bound
complex after washing the unbound enzyme anti-IgE
away, and when the reaction was terminated, fluores-
cence of the eluate was measured. The IgE concentration
in the particular sample was proportional to the fluores-
cence intensity with the lower limit of detection of 2.00
kilounits per liter (kU/L).

According to the previous study, serum total IgE con-
centration was divided into two levels including<100
kU/L and 2100 kU/L [10]. We included specific IgE to 19
allergens, including Dermatophagoides (Dermatophagoi-
des farinae, Dermatophagoides pteronyssinus), Aspergil-
lus (Alternaria alternate, Aspergillus fumigatus), botany
(common ragweed, rye grass, Bermuda grass, white oak,
birch tree, Russian thistle), animals (dog, cat, mouse,
rat, German cockroach) and foods (peanut, egg, milk,
shrimp). When adolescents had a high level of serum
specific IgE to these allergens were recognized as having
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a positive specific IgE to these allergens (being catego-
rized as “Yes”).

Definition of insulin resistance

Diagnosis of IR was according to the following formula:
homeostatic model assessment (HOMA)-IR = [fasting
(>9-hour fast) glucose (mmol/L) X fasting insulin (pU/
mL)] / 22.5 [11]. In our study, IR analyzed as a categorical
variable, and the cut-off value was 4.39 units of HOMA-
IR, in another word, individuals with HOMA-IR>4.39
were diagnosed as IR [12].

Variables selection

We extracted other variables from the NHANES data-
base, including age, gender, race, poverty-to-income ratio
(PIR), body mass index (BMI), sedentary time, physical
activity, total energy intake, vitamin D (VD), C-reactive
protein (CRP), fasting glucose, insulin, cotinine, systolic
blood pressure (SBP), diastolic blood pressure (DBP),
allergy, asthma, antihypertensive drugs, immunosuppres-
sant, use of immune globulin, and steroids.

We converted adolescents’ BMI to a BMI z-score
accounting for age and sex using the recommended
CDC percentiles according to the NHANES guidance:
https://www.cdc.gov/healthyweight/assessing/bmi/chil-
drens_bmi/about_childrens_bmi.html. A BMI z-score of
>85th percentile indicates an overweight status, and the
adolescents were divided into overweight group and non-
overweight group. Well-trained and certified inspectors
used standardized protocols and calibrated equipment to
obtain BP readings. Four consecutive BP readings were
obtained through auscultation, and the SBP and DBP
was respectively the average of all available measure-
ment data. Non-fasting CRP concentrations were mea-
sured using latex-enhanced nephelometry on a Behring
Nephelometer.

Physical activity, which was collected through the phys-
ical activity questionnaire (PAQ) in the NHANES, was
translated into the energy expenditure. Energy expendi-
ture (MET-min)=recommended metabolic equivalent
(MET) X exercise time of corresponding activity (min)
[13]. Sedentary time (time watching TV/video or using
a computer) per average day over the last 30 days was
asked in the household interviews. The cut-off points
were >2 h/d for TV, >1 h/d for computer use, and >3 h/d
for screen time [14].

Information on allergy symptoms was also obtained via
the NHANES questionnaires. Participants who had posi-
tive answers to one of the following questions were rec-
ognized as having allergy symptoms: “During the past 12
months, (have you/has s/he) had a problem with sneez-
ing, or a runny, or blocked nose when (you/s/he) did not
have a cold or the flu?” or “Has a doctor or other health
professional ever told (you/s/he) that (you have/ s/he
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has) hay fever?” Asthma was defined by respondents giv-
ing a positive response to both questions: “Has a doctor
or other health professional ever told you that you have
asthma?” and “In the past 12 months (have you/has s/
he) had wheezing or whistling in (your/his/her) chest?”
[15]. Additionally, drug use status was assessed by the
NHANES questionnaires as well as self-reported medi-
cal history. More details are available elsewhere: https://
wwwn.cdc.gov/Nchs/Nhanes/1999-2000/RXQ_DRUG.
htm.

Statistical analyses
Kolmogorov-Smirnov was used for normality test. Nor-
mally distributed data were expressed as mean+standard
error (Mean+SE), and t test was used for comparison of
characteristics between IR and non-IR groups. Non-nor-
mally distributed data were represented as median and
quartiles [M (Q1, Q3)], and Mann-Whitney U test was
used for comparison. Enumeration data were described
as frequency and constituent ratio [N (%)] and chi-
square test (x?) was used for comparison. Following the
NHANES analytical guidelines, special sample weights
should be utilized in our research [16]. Due to the test cri-
teria of fasting blood glucose and insulin are very strict,
the fasting subsample 2-year MEC weight (WTSAF2YR)
should be used in the present study (https://wwwn.cdc.
gov/Nchs/Nhanes/2005-2006/GLU_D.htm#SEQN).
Weighted univariate logistic regression analysis was
used for covariates screening. Weighted univariate and
multivariate logistic regression models were constructed
to explore the associations of serum total IgE and aller-
gen-specific IgE with IR in adolescents. The evaluation
indexes were odds ratios (ORs) and 95% confidence
intervals (CIs). Two-sided P<0.05 is considered signifi-
cantly associated. Model 1 was the crude model. Model
2 adjusted for variables that significantly associated with
IR (P<0.05), including BMI, CRP, SBP, sedentary time,
and VD. In addition, due to age [17], gender [18] and race
[19] were the factors reported to influence IR, we also
included them into the adjustment of multivariate mod-
els. Subgroup analyses of allergy history, asthma history,
and number of allergens were performed to explore these
relationships in different populations. In addition, we
investigated the associations of serum total IgE and aller-
gens-specific IgE with IR in adolescents who were allergic
to different numbers of allergens to assess whether the
associations of different allergens with IR were related to
the number of patients with higher IgE classes (the ado-
lescents were divided into number of allergens<3 group
and >3 group). More details about the basis for grouping
were shown in the Table S1. Variables including missing
values were deleted or classified into “unknown” cat-
egory. SAS 9.4 (SAS Institute, Cary, NC, USA) was used
for statistical analyses.
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Results

Characteristics of adolescents

Figure 1 is the flowchart of the participants screening.
Initially, 2,288 adolescents aged 12—19 years old in the
NHANES in 2005-2005 were included. Then those who
without information on fasting glucose (n=1330), insu-
lin (n=17), serum total IgE/allergen-specific IgE (n=10),
allergy (n=2), asthma (n=1), height (n=1), SBP (n=27),
energy intake (n=26), cotinine (#=3) or VD (n=1) were
excluded. Finally, 870 were eligible.

Table 1 shows the characteristics of adolescents
between IR group and non-IR group. Among eligible
adolescents, 168 had IR. The average age of them was
15.51 years old. There were 248 (31.87%) adolescents had
allergy, and that 164 (22.36%) had asthma. The average
serum total IgE concentrations in IR group and non-IR
group were respectively 154.3 kU/L and 178.99 kU/L.
The average serum insulin concentration between these
two groups was 28.17 uU/mL vs. 8.59 uU/mL. In addi-
tion, allergen-specific IgE including Aspergillus, Alter-
naria alternate, Aspergillus fumigatus, rye grass, birch
tree, German cockroach, peanut, and shrimp were sig-
nificantly different in adolescents between IR group and
non-IR group (all P<0.05).

Associations of serum total IgE and allergen-specific IgE
with IR

Table S2 shows the covariates associated with IR in
adolescents. The results showed that BMI, CRP, SBP,
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sedentary time, and VD were all significantly linked to
the odds of IR (all P<0.05).

Then we explored the associations of serum total IgE
and allergen-specific IgE, with IR (Table 2). After adjust-
ing for the covariates, no significant relationship between
serum total IgE and IR was observed [OR=1.02, 95%CI:
(0.46-2.26)]. However, adolescents had positive aller-
gen-specific IgE, including rye grass [OR=0.47, 95%Cl:
(0.25-0.91)], white oak [OR=0.57, 95%CI: (0.37-0.88)],
and peanut [OR=0.38, 95%CIL: (0.15-0.97)], seemed to
have lower odds of IR, whereas those had positive shrimp
IgE seemed to have higher odds of IR [OR=2.65, 95%CI:
(1.21-5.84)].

In addition, the serum total IgE concentration and
the number of positive allergen-specific IgE in non-IR
patients and IR patients were shown in the Table S3.
There was no significant difference between these two
populations. The Table S4 showed the allergen-specific
IgE concentrations between non-IR patients and IR
patients respectively, and we only found the Russian this-
tle allergen-specific IgE (P=0.020) as well as shrimp aller-
gen-specific IgE (P<0.001) were significantly different
between non-IR patients and IR patients. These results
indicated that the observed associations mentioned
above did not due to the IgE levels were higher compared
to the other group.

Adolescents aged 12-19 years old in the NAHENS

database in 2005-2006
n=2288

écluded:

1. Missing the information on fasting glucose (n=1330)
2. Missing the information on insulin (n=17)

3. Missing the information on serum total IgE and
——————>| allergen-specific IgE (n=10)

4. Missing the information on allergy (n=2)

5. Missing the information on asthma (n=1)

6. Missing the information on height (n=1)

7. Missing the information on SBP (n=27)

8. Missing the information on energy intake (n=26)
9. Missing the information on cotinine (n=3)

10. Missing the information on VD (n=1)

~

/

\

Eligible adolescents in this study
n=870

Fig. 1 Flowchart of participants screening
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Table 1 Characteristic of adolescents in non-IR group and IR group

Variables Total Non-IR IR Statistics P
(n=870) (n=702) (n=168)

Age, years, Mean (S.E) 15.51(0.10) 15.58 (0.10) 15.15(0.27) t=1.63 0.124

Gender, n (%) =123 0.267

Male 437 (51.50) 352 (50.70) 85 (55.69)

Female 433 (48.50) 350 (49.30) 83 (44.31)

Race, n (%) ¥>=9.96 0.041

Mexican American 301 (11.30) 231 (1045) 70 (15.84)

Other Hispanic 23 (4.08) 17 (3.20) 6(8.71)

Non-Hispanic White 220 (63.94) 186 (65.18) 34 (57.38)

Non-Hispanic Black 289 (14.40) 238 (14.42) 51(14.30)

Other Race - Including Multi-Racial 37 (6.28) 30 (6.76) 7(3.77)

BMI, n (%) ¥>=113.12 <0.001

Non-overweight 530 (66.77) 497 (76.38) 33(16.02)

Overweight 340 (33.23) 205 (23.62) 135 (83.98)

CRP, mg/dL, Mean (S.E) 0.20 (0.04) 0.15(0.01) 047 (0.20) t=-1.57 0.138

SBP, mm Hg, Mean (S.E) 11043 (1.03) 109.30 (0.83) 116.36 (1.62) t=-5.81 <0.001

DBP, mm Hg, Mean (S.E) 60.19 (0.88) 6042 (0.87) 58.92 (1.54) t=1.12 0.281

Sedentary time, hours, n (%) x> =1521 <0.001

<3 246 (35.28) 203 (38.24) 43 (19.65)

3-6 295 (33.08) 235 (32.20) 60 (37.69)

>6 329(31.65) 264 (29.56) 65 (42.66)

VD, nmol/L, Mean (S.E) 62.64 (1.83) 63.57 (1.94) 57.71(1.95) t=2.99 0.009

Physical activity, MET-min/day, n (%) ¥>=0.00 0.949

<180 673 (75.60) 544 (75.66) 129 (75.27)

>180 197 (24.40) 158 (24.34) 39(24.73)

PIR, n (%) X’ =4.99 0.172

<1.0 254 (18.44) 204 (17.26) 50 (24.66)

1.0-2.0 203 (17.62) 164 (18.25) 39(14.28)

>2.0 371 (60.90) 303 (61.29) 68 (58.85)

Unknown 42 (3.04) 31(3.20) 11(2.22)

Allergy, n (%) x>=1.17 0.280

No 622 (68.13) 503 (66.66) 119 (75.89)

Yes 248 (31.87) 199 (33.34) 49 (24.11)

Asthma, n (%) x> =0.85 0.356

No 706 (77.64) 577 (78.82) 129 (71.47)

Yes 164 (22.36) 125(21.18) 39 (28.59)

Antidiabetics, n (%) x*=1.08 0.298

No 865 (99.36) 699 (99.50) 166 (98.63)

Yes 5(0.64) 3(0.50) 2(1.37)

Antihypertensive drugs, n (%)

No 867 (99.53) 702 (100.00) 165 (97.08)

Yes 3(047) 0 (0.00) 3(292)

Immunosuppressant, n (%)

No 868 (99.90) 700 (99.88) 168 (100.00)

Yes 2(0.10) 2(0.12) 0(0.00)

Non-immune globulin use, n (%)

No 870 (100.00) 702 (100.00) 168 (100.00)

Steroid use, n (%) ¥>=0.03 0.865

No 833(93.97) 670 (93.87) 163 (94.46)

Yes 37 (6.03) 32(6.13) 5(5.54)

Cotinine, mg/dL, Mean (S.E) 24.62 (2.84) 25.66 (3.76) 19.16 (5.86) t=0.77 0453

Energy intake, kcal, Mean (S.E) 2281.58 (52.53) 2293.18 (46.92) 2220.34(177.60) t=042 0.683

Serum total IgE, kU/L, Mean (S.E) 175.07 (17.97) 178.99 (21.69) 154.38 (20.92) t=0.78 0.448
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Table 1 (continued)

Variables Total Non-IR IR Statistics P
(n=870) (n=702) (n=168)

Serum total IgE level, KU/L, n (%) ¥’ =094 0.332

<100 523 (63.89) 432 (64.86) 91 (58.79)

>100 347 (36.11) 270 (35.14) 77 (41.21)

Specific IgE to different allergens:

Dermatophagoides, n (%) x> =044 0.506

No 638 (77.32) 517 (77.85) 121 (74.50)

Yes 232 (22.68) 185 (22.15) 47 (25.50)

Dermatophagoides farinae, kU/L, Mean (S.E) 436 (1.59) 3.96 (1.33) 6.49 (3.06) t=-1.28 0.220

Dermatophagoides farinae, n (%) ¥>=145 0.228

No 665 (79.73) 543 (80.61) 122 (75.08)

Yes 205 (20.27) 159 (19.39) 46 (24.92)

Dermatophagoides pteronyssinus, kU/L, Mean (S.E) 5.68(2.51) 5.05(2.05) 9.00 (4.86) t=-1.31 0.208

Dermatophagoides pteronyssinus, n (%) x>=0.74 0.388

No 654 (78.08) 532 (78.76) 122 (74.50)

Yes 216 (21.92) 170 (21.24) 46 (25.50)

Aspergillus, n (%) x> =804 0.005

No 716 (83.88) 578 (82.55) 138 (90.85)

Yes 154 (16.12) 124 (17.45) 30(9.15)

Alternaria alternate, KU/L, Mean (S.E) 1.84(0.39) 2.01(049) 0.92 (0.25) t=2.05 0.059

Alternaria alternate, n (%) ¥>=633 0.012

No 735(85.51) 592 (84.28) 143 (91.99)

Yes 135 (14.49) 110 (15.72) 25(8.01)

Aspergillus fumigatus, kU/L, Mean (S.E) 0.78(0.16) 0.85(0.19) 0.38(0.07) t=226 0.039

Aspergillus fumigatus, n (%) X’ =446 0.035

No 753 (89.09) 609 (88.12) 144 (94.20)

Yes 117 (10.91) 93 (11.88) 24 (5.80)

Botany, n (%) x> =086 0353

No 557 (67.58) 451 (66.81) 106 (71.62)

Yes 313(3242) 251(33.19) 62 (28.38)

Common ragweed, kU/L, Mean (S.E) 2.33(0.78) 242(0.92) 1.88(0.91) t=042 0.679

Common ragweed, n (%) x*=007 0.790

No 664 (77.93) 537 (77.76) 127 (78.83)

Yes 206 (22.07) 165 (22.24) 41(21.17)

Rye grass, kU/L, Mean (S.E) 9.55(3.10) 10.50 (3.77) 4.50(1.17) t=145 0.169

Rye grass, n (%) X’=7.17 0.007

No 610 (73.05) 489 (71.52) 121 (81.14)

Yes 260 (26.95) 213 (28.48) 47 (18.86)

Bermuda grass, kU/L, Mean (S.E) 5.78 (2.25) 6.58 (2.62) 1.53(0.33) t=205 0.058

Bermuda grass, n (%) x>=3.05 0.081

No 664 (78.10) 532(77.02) 132(83.77)

Yes 206 (21.90) 170 (22.98) 36 (16.23)

White oak, kU/L, Mean (S.E) 2.04 (0:49) 1.96 (0.46) 246 (1.19) t=-045 0.658

White oak, n (%) =124 0.266

No 717 (82.76) 576 (81.98) 141 (86.86)

Yes 153 (17.24) 126 (18.02) 27 (13.14)

Birch tree, kU/L, Mean (S.E) 2.59(0.76) 2.23(0.50) 4.50 (3.57) t=-0.64 0.529

Birch tree, n (%) ¥’ =3.96 0.047

No 734 (84.98) 591 (83.84) 143 (91.01)

Yes 136 (15.02) 111 (16.16) 25(8.99)

Russian thistle, kU/L, Mean (S.E) 1.23(0.29) 1.35(0.32) 0.62 (0.21) t=2.72 0.016

Russian thistle, n (%) ¥>=138 0.240

No 713 (84.27) 574 (83.51) 139 (88.30)
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Table 1 (continued)

Variables Total Non-IR IR Statistics P
(n=870) (n=702) (n=168)

Yes 157 (15.73) 128 (16.49) 29(11.70)

Animals, n (%) ¥’ =143 0.231

No 588 (71.66) 486 (72.69) 102 (66.18)

Yes 282 (28.34) 216 (27.31) 66 (33.82)

Cat epithelium and dander, kU/L, Mean (S.E) 1.76 (0.38) 1.52 (0.40) 2.99(1.38) t=-1.01 0.328

Cat epithelium and dander, n (%) ¥’ =121 0.272

No 733 (84.80) 599 (85.35) 134 (81.91)

Yes 137 (15.20) 103 (14.65) 34 (18.09)

Dog dander, kU/L, Mean (S.E) 1.04 (0.28) 1.05 (0.32) 0.97 (0.27) t=0.19 0.853

og dander, n (%) ¥>=0.16 0.689

No 701 (82.67) 567 (8241) 134 (84.05)

Yes 169 (17.33) 135 (17.59) 34 (15.95)

German cockroach, kU/L, Mean (S.E) 0.72(0.12) 0.66 (0.13) 1.03(0.23) t=-167 0.116

German cockroach, n (%) x>=7.35 0.007

No 715 (86.53) 587 (87.86) 128 (79.51)

Yes 155(13.47) 115(12.14) 40 (20.49)

Mouse urine proteins, kU/L, Mean (S.E) 0.41(0.07) 0.39 (0.06) 0.51(0.20) t=-0.57 0.580

Mouse urine proteins, n (%) x*=1.12 0.290

No 848 (98.69) 686 (98.82) 162 (98.00)

Yes 22(1.31) 16 (1.18) 6 (2.00)

Rat urine proteins, kU/L, Mean (S.E) 0.29 (0.02) 0.28 (0.02) 0.30 (0.04) t=-0.26 0.797

Rat urine proteins, n (%) ¥>=0.25 0619

No 853 (98.86) 689 (98.80) 164 (99.16)

Yes 17 (1.14) 13 (1.20) 4(0.84)

Foods, n (%) =112 0.290

No 654 (77.51) 534 (78.49) 120 (72.32)

Yes 216 (22.49) 168 (21.51) 48 (27.68)

Peanut, kU/L, Mean (S.E) 0.88(0.18) 0.92(0.20) 0.67 (0.24) t=0.96 0.354

Peanut, n (%) x’=5.18 0.023

No 751 (86.24) 603 (85.14) 148 (92.01)

Yes 119 (13.76) 99 (14.86) 20(7.99)

Egg, kU/L, Mean (S.E) 0.26 (0.00) 0.26 (0.00) 0.27 (0.02) t=-0.63 0.538

Egg, n (%) x>=2.54 0.111

No 847 (97.05) 684 (96.77) 163 (98.52)

Yes 23(2.95) 18 (3.23) 5(1.48)

Milk, kU/L, Mean (S.E) 0.28 (0.01) 0.29(0.01) 0.28 (0.01) t=0.70 0492

Milk, n (%) X'=174 0.187

No 804 (93.42) 656 (93.94) 148 (90.64)

Yes 66 (6.58) 46 (6.06) 20 (9.36)

Shrimp, kU/L, Mean (S.E) 0.48 (0.06) 048 (0.07) 0.49 (0.07) t=-0.06 0.956

Shrimp, n (%) x>=882 0.003

No 791 (93.85) 643 (95.22) 148 (86.63)

Yes 79 (6.15) 59 (4.78) 20(13.37)

Fasting glucose, mmol/L, Mean (S.E) 5.24 (0.05) 5.18(0.07) 5.54 (0.05) t=-3.71 0.002

Insulin, uU/mL, Mean (S.E) 11.71 (0.60) 8.59(0.14) 28.17(1.42) t=-13.53 <0.001

t: test, x2: chi-square test

IR:insulin resistance, SE: standard error, BMI: body mass index, CRP: C-reactive protein, SBP: systolic blood pressure, DBP: diastolic blood pressure, VD: vitamin D, MET:

metabolic equivalent of energy, PIR: poverty-income ratio, IgE: immunoglobulin E

Relationships of serum total IgE and allergen-specific IgE

with IR in different subgroups

Subgroup analyses of allergy history and asthma his-
tory were also performed to assess these associations

in different populations (Table 3). After adjusting for
the covariates, there was still no significantly associa-
tion between serum total IgE and IR in adolescents (all

P>0.05).
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Table 2 Associations of serum total IgE and allergen-specific IgE

with IR in adolescents

(2024) 24:332

Variables Crude model Adjusted model
OR (95% Cl) P OR(95%Cl) P

Serum total IgE 129(0.71-237) 0380 1.02 0.960
(0.46-2.26)

Serum specific

IgE to different

allergens

Dermatophagoides 1.20(0.66-2.19) 0521 0383 0623
(0.37-1.86)

Dermatophagoides 1.38 (0.77-248) 0261 1.02 0.960

farinae (0.47-2.22)

Dermatophagoides 1.27(0.70-2.31) 0410 095 0.884

pteronyssinus (043-2.08)

Aspergillus 048 (0.29-0.79) 0.007 0.65 0.100
(0.39-1.10)

Alternaria alternate 047 (0.26-0.85) 0.016 0.60 0.106
(032-1.13)

Aspergillus fumigatus 046 (0.21-1.01) 0.052 0.79 0.592
(0.32-1.97)

Botany 0.80(0.48-1.33) 0363 065 0.130
(0.36-1.15)

Commonragweed 094 (0.57-154) 0.791 0.71 0.273
(0.38-1.34)

Rye grass 0.58 (0.38-0.89) 0.015 0.47 0.029
(0.25-0.91)

Bermuda grass 0.65(0.39-1.07) 0.086 0.50 0.061
(0.25-1.04)

White oak 0.69 (0.34-1.39) 0276 0.57 0.014
(0.37-0.88)

Birch tree 0.51(0.24-1.07) 0.073 0.51 0.098
(0.22-1.15)

Russian thistle 0.67(0.33-1.35) 0245 0.50 0.088
(022-1.13)

Animals 1.36 (0.76-243) 0275 1.02 0.957
(047-2.21)

Cat epithelium and 129 (0.78-2.13) 0305 1.3 0.769

dander (0.48-2.65)

Dog dander 0.89 (048-1.66) 0693 1.07 0.846
(0.51-2.25)

German cockroach 1.86(1.08-3.21) 0.028 1.25 0418
(0.71-2.22)

Mouse urine proteins  1.71(0.58-5.01) 0.304 2.03 0.268
(0.55-7.53)

Rat urine proteins 0.69(0.14-338) 0631 0.83 0.752
(0.24-2.86)

Foods 140(0.72-2.73) 0303 1.06 0.889
(0.42-2.69)

Peanut 0.50(0.26-0.97) 0.041 0.38 0.044
(0.15-0.97)

Egg 045(0.13-1.59) 0197 046 0.291
(0.10-2.08)

Milk 160 (0.79-3.25) 0.177 164 0.283
(0.64-4.22)

Shrimp 307 (1.28-740) 0016 2.65 0.019
(1.21-5.84)

IgE: immunoglobulin E, IR: insulin resistance, OR: odds ratio, Cl: confidence

interval

Adjusted model: adjusted for age, gender, race, BMI, CRP, SBP, sedentary time,

and VD.
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Adolescents with allergy history who have positive
allergen-specific IgE, including rye grass [OR=0.20,
95%CI: (0.06-0.74)], Bermuda grass [OR=0.21, 95%Cl:
(0.06-0.77)], white oak [OR=0.36, 95%CI: (0.14-0.93)]
and birch tree [OR=0.34, 95%CI: (0.13-0.92)], seemed to
have lower odds of IR. In those who without allergy his-
tory, having positive allergen-specific IgE of Russian this-
tle [OR=0.31, 95%CI: (0.17-0.59)] and peanut [OR=0.35,
95%CI: (0.16—0.79)] were associated with lower odds of
IR.

In asthma subgroup, positive allergen-specific IgE,
including Alternaria alternate [OR=0.10, 95%CI: (0.01-
0.70)], Aspergillus fumigatus [OR=0.10, 95%CI: (0.02—
0.54)] were linked to lower odds of IR, whereas positive
allergen-specific IgE of German cockroach [OR=4.62,
95%CI:  (1.08-19.80)] and milk [OR=4.44, 95%CL:
(1.85-10.69)] were associated with higher odds of IR.
Adolescents without history of asthma who have aller-
gen-specific IgE including rye grass [OR=0.34, 95%Cl:
(0.13-0.94)], white oak [OR=0.40, 95%CI: (0.26-0.61)],
Russian thistle [OR=0.24, 95%CI: (0.08-0.74)], and pea-
nut [OR=0.15, 95%CI: (0.04—0.59)] had lower odds of IR.

Moreover, we investigated the associations of total
serum IgE and allergen-specific IgE with IR in adoles-
cents who were allergic to different numbers of aller-
gens (Table 4). The results showed that in adolescents
are allergic to <3 allergens, having positive allergen-
specific IgE of Rye grass [OR=0.03, 95%CI: (0.00-0.58)]
was associated with lower odds of IR, whereas that of
shrimp [OR=18.85, 95%CI: (1.47-241.51)] was linked to
higher odds of IR. Among those who are allergic to more
than 3 allergens, positive allergen-specific IgE of white
oak [OR=0.21, 95%CI: (0.06—0.77)] was associated with
lower odds of IR, whereas that of egg [OR=5.36, 95%Cl:
(1.24-23.15)] was linked to higher odds of IR.

Discussion

Although the relationship between total serum IgE and
IR in adolescents was not significant, we observed ado-
lescents have positive allergen-specific IgE of rye grass,
white oak, and peanut seemed to have lower odds of IR,
whereas that of shrimp seemed to have higher odds. In
addition, these relationships of different allergen-specific
IgE with IR were quite different in adolescents with/with-
out allergy history or asthma history, as well as those who
were allergic to different numbers of allergens.

To the best of our knowledge, this was the first time to
explore the associations of serum total IgE and allergen-
specific IgE with IR among adolescents. Previous studies
focused on the roles of atopic diseases in IR in adoles-
cents, such as asthma, hypersensitivity, and inflammation
[20, 21]. No significant association between serum total
IgE and IR in adolescents was observed in the current
study, and however, previous studies have discussed this
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Table 3 Associations of serum total IgE and allergens-specific IgE with IR in subgroups of allergy and asthma history

Variables Allergic history Non-allergic history Asthma history Non-asthma history
OR (95% CI) P OR (95% Cl) P OR (95% Cl) P OR (95% Cl) P
Serum total IgE 0.49 (0.13-1.86) 0272 1.37(060-3.14) 0433 1.21(023-6.22) 0811 093 (0.36-245) 0.883
Serum specific IgE to different
allergens
Dermatophagoides 0.97 (0.26-3.60) 0.956 1(030-1.66) 0401 2.51(0.66-9.46) 0.161  0.50(0.14-1.72) 0.247
Dermatophagoides farinae 1.17 (0.37-3.70) 0.775 089 (O 37-2.14) 0774 3.13(0.75-13.02) 0.109  0.59(0.17-2.05) 0.385
Dermatophagoides pteronyssinus 0.99 (0.26-3.74) 0981 0.85(036-1.99) 0686 2.72(0.69-10.80) 0.142 0.59(0.16-2.08) 0.383
Aspergillus 0.52 (0.19-1.38) 0.175 0.75(0.25-2.23) 0.582 0.14(0.03-0.55) 0.008 0.98 (0.50-1.95) 0.960
Alternaria alternate 043(0.15-1.26) 0114  069(0.18-2.64) 0562 0.10(0.01-0.70) 0.023 0.95 (0.42-2.16) 0.903
Aspergillus fumigatus 052(0.14-191) 0302 1.19(0.27-5.12) 0.807 0.10(0.02-0.54) 0.011 1.60 (0.48-5.31) 0420
Botany 0.23 (0.08-0.72) 0.015 0.85(0.35-2.06) 0.695 0.48(0.14-1.66) 0.224  0.57(0.28-1.18) 0.121
Common ragweed 052(0.20-1.37) 0172 085(042-1.73) 0628 1.69(0.26-10.98) 0557 046 (0.14-1.55) 0.192
Rye grass 0.20 (0.06-0.74) 0.019 0.55(021-141) 0.193 0.48(0.10-2.28) 0330 0.34(0.13-0.94) 0.039
Bermuda grass 0.21(0.06-0.77) 0.022 61(0.22-169) 0317 0.76 (0.11-5.15) 0.760  0.31(0.09-1.07) 0.062
White oak 0.36 (0.14-0.93) 0.037 0.64(0.19-2.19) 0449 067(0.13-352) 0617 0.40(0.26-0.61) <0.001
Birch tree 0.34(0.13-0.92) 0.036 044(0.17-1.13) 0.082 0.69 (0.12-3.90) 0.656  0.27 (0.07-1.01) 0.051
Russian thistle 044 (0.14-1.41) 0.154  0.31 0.001 1.06(0.19-5.84) 0.944  0.24 (0.08-0.74) 0.017
(0.17-0.59)
Animals 0.53(0.09-3.12) 0457 1.18(0.62-223) 0592 1.73(0.25-1191) 0.556 1(0.29-2.22) 0.661
Cat epithelium and dander 046 (0.08-259) 0351 1.84(0.76-442) 0.160 155(0.25-9.61) 0616 064 (0.15-2.70) 0.520
Dog dander 0.54 (0.16-1.85) 0304 1.70(0.69-4.17) 0230 2.96(0.86-10.18) 0.081 0.60(0.15-2.43) 0447
German cockroach 2.67(0.72-9.89) 0.131 01(0.50-2.06) 0973 4.62 0.040 1.09(0.52-2.28) 0.805
(1.08-19.80)
Mouse urine proteins 2.71(047-15.74) 0246 3.89 0349 1.64(030-9.12) 0.546  1.93(0.03-118.21) 0.737
(0.19-77.64)
Rat urine proteins 290(0.75-11.26)  0.116 0.63(0.02-1939) 0779 1.38(0.12-16.49) 0.784
Foods 0.67 (0.16-2.78) 0.558 1.34(055-3.29) 0498 4.02(0.73-22.15) 0.103 0.53(0.19-1.52) 0.219
Peanut 034(0.10-1.17) 0083 0.35 0.015 1.76(0.18-17.68) 0.609 0.15(0.04-0.59) 0.010
(0.16-0.79)
Egg 0.93 (0.09-9.84) 0948 0.55(0.13-232) 0.387 0.16 (0.02-1.37) 0.088
Milk 269(0.71-1020) 0135 1.32(024-722) 0734 4.44 0.003 1.02(0.43-2.39) 0.970
(1.85-10.69)
Shrimp 294 (0.82-1057) 0.092 3.02(0.92-9.97) 0067 446(0.59-33.86) 0.137 1.85(0.94-3.64) 0.072

IgE: immunoglobulin E, IR: insulin resistance, OR: odds ratio, Cl: confidence interval

Adjusted for age, gender, race, BMI, CRP, SBP, sedentary time, and VD.

relationship. Lee et al. [22] suggested that IR was asso-
ciated with serum total IgE and atopy in premenopausal
women. Zhang et al. [9] showed that IgE deficiency pro-
tects mice from IR by regulating macrophage polariza-
tion, macrophage-sterol-responsive-network (MSRN)
gene expression, and foam cell formation. Differently,
Song et al. [23] indicated that asthma-induced high IgE
inhibits G6Pase expression in hepatocytes, resulting in
the improvement of the IR in liver in male mice. These
study results were not consistent, and one possible reason
may be attributed to the differences in their study objects
[24]. In fact, IR is distinguished by the reduced ability of
insulin to stimulate muscle and adipose tissue’s glucose
utilization, and suppress hepatic glucose production and
output [25, 26]. IR can also cause a resistance to insulin’s
function on protein metabolism, lipid metabolism, vas-
cular endothelial function, and gene expression [25, 26].
Allergic sensitization or exacerbation of allergic diseases

was associated with interleukin (IL)-6 and activation of
toll-like receptors (TLR) 2 and TLR 4, which can pro-
mote T helper type 2 (Th2) differentiation, stimulation
of these receptors, and subsequent cytokines released,
and may further impair glucose homeostasis [27, 28]. IR
along with higher level of plasma IL-6 [29], and TLR 2
and TLR 4 are also key mediators of IR [30, 31]. This may
be a potential mechanism to explain the role of allergy-
related cytokines in the association between allergy and
IR. We supposed that the allergen-specific IgE levels that
associated with decreased risk of IR among adolescents
may because treatment of the allergic reactions could
reduce the activation of immune-related receptors and
cytokines, which further controlling the course of IR
development.

According to our findings, adolescents with positive
allergen-specific IgE of rye grass, white oak, and peanut
seemed to have lower odds of IR, while that of shrimp
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Table 4 Associations of serum total IgE and allergens-specific IgE with IR in adolescents who were allergic to different numbers of

allergens
Variables Allergens<3 Allergens>3

n=207 n=268

OR (95% ClI) P OR (95% Cl) P
Serum total IgE 243 (0.42-14.08) 0.297 1.19 (0.36-3.95) 0.765
Serum specific IgE to different allergens
Dermatophagoides 0.35 (0.06-2.01) 0.222 1.49 (0.48-4.60) 0.465
Dermatophagoides farinae 0.52 (0.08-3.32) 0.464 1.77 (0.53-5.94) 0327
Dermatophagoides pteronyssinus 0.53(0.09-3.21) 0462 1.60 (0.52-4.86) 0.383
Aspergillus 0.63 (0.17-2.34) 0.463 0.83(0.31-2.25) 0.697
Alternaria alternate 0.38 (0.06-2.29) 0.268 0.77 (0.24-2.46) 0.632
Aspergillus fumigatus 2.01(0.18-22.63) 0.549 0.62 (0.25-1.55) 0.280
Botany 0.80(0.17-3.67) 0.759 0.12 (0.02-0.75) 0.027
Common ragweed 343 (0.24-48.39) 0.337 41 (0.10-1.66) 0.192
Rye grass 0.03 (0.00-0.58) 0.023 0.23 (0.05-1.05) 0.057
Bermuda grass 0.22 (0.01-5.06) 0317 0.24 (0.06-1.03) 0.054
White oak 2.13(0.04-120.24) 0.695 0.21 (0.06-0.77) 0.022
Birch tree 0.27 (0.07-1.01) 0.052
Russian thistle 0.24 (0.00-16.03) 0482 0.30(0.08-1.23) 0.089
Animals 0.79 (0.20-3.07) 0.713 2.99(0.73-12.28) 0.118
Cat epithelium and dander 0.26 (0.02-2.80) 0.246 1.84 (0.61-5.57) 0.254
Dog dander 0.20 (0.01-7.39) 0358 162 (0.72-3.61) 0.220
German cockroach 65 (0.31-8.63) 0.531 1.72 (0.74-3.99) 0.189
Mouse urine proteins 2.08(0.36-11.91) 0.383
Rat urine proteins 0.65 (0.15-2. 85) 0.538
Foods 2.30(0.28-18.76) 0410 0.78 (0.15-4.20) 0.761
Peanut 0.24 (0.06-1.04) 0.055
Egg 5.36 (1.24-23.15) 0.027
Milk 2.09 (0.34-12.96) 0403 167 (0.51-5.51) 0372
Shrimp 18.85 (1.47-241.51) 0.027 3.29(0.84-12.86) 0.082

IgE: immunoglobulin E, IR: insulin resistance, OR: odds ratio, Cl: confidence interval

Adjusted for age, gender, race, BMI, CRP, SBP, sedentary time, and VD.

seemed to have higher odds. Although no study have
respectively explored the association of single allergen-
specific IgE with IR in adolescents, these allergens (the
most common in the United States) can cause an increase
in total serum IgE level [32]. Results from the National
Health and Nutrition Examination Survey showed that
after the adjustment by all allergens, white oak allergy
was independently associated with asthma [33]. Varia-
tion in ionized serum calcium (Ca) is associated with the
allergic response to common allergens, and bronchial
smooth muscle contraction, mast cells granulation and
histamine release from mast cells are Ca-dependent [34].
The Ca-binding motifs in allergens, especially of grass
origin, are necessary for IgE binding and the chelation of
Ca ions from sera of allergic patients lead to decreased
allergen-IgE binding or prevented this occurring [35].
Because of asthma was an independent risk factor for
IR, this mechanism may explain the potential protective
effect of white oak allergy on odds of IR in adolescents.
In addition, individuals who were allergic to peanuts had
characteristics of oral dysbiosis, reduced oral short chain

fatty acid levels, and increased oral mucosal Th2 cyto-
kine secretion [36]. Obesity, including dyslipidemia, plays
an important role in the process of IR [21]. However,
due to intestinal microbiota is a complicated ecosystem,
the association of peanut allergy mediated by abnormal
lipid metabolism with IR in adolescents still need further
exploration. Oppositely, adolescents who were allergic to
shrimp seemed to have high odds of IR. A possible expla-
nation may be that adolescents with seafood allergies,
such as shrimp, may not meet healthy dietary pattern
requirements, such as the Mediterranean (Med) dietary
pattern. Calcaterra et al. [37] suggested that adopt the
principle of the Med diet was beneficial to several meta-
bolic derangements including IR in adolescents. Never-
theless, the specific mechanisms that being allergic to rye
grass, white oak, or peanut showed a potential protect
effect on IR, whereas being allergic to shrimp had the
opposite effect are needed to be further clarified.

In adolescents with allergy history or without asthma
history, we also found the associations of allergen-
specific IgE of rye grass and white oak with IR. The
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relationship between positive allergen-specific IgE of
peanut and lower odds of IR was observed in those who
not have the history of allergy or asthma. Also, the posi-
tive allergen-specific IgE of shrimp was linked to higher
odds of IR in adolescents who are allergic to <3 aller-
gens. In addition, not difficult to find that adolescents
had allergy history especially the botany allergy, includ-
ing rye grass, Bermuda grass, white oak, and birch tree,
as well as had asthma history especially the Aspergillums
allergy, seemed to have lower odds of IR. These relation-
ships are consistent with the underlying mechanisms we
speculated above. Interestingly, being allergic to Ger-
man cockroach or milk was associated with higher odds
of IR in adolescents had asthma history. Study in Korean
adults found that subjects sensitized to the German
cockroach were at increased risk of DM [6]. Protease-
activated receptor-2 (PAR-2) activation has been impli-
cated in the potent allergenicity elicited by cockroaches
and contributes substantially to inflammatory and meta-
bolic dysfunction [38], and PAR-2 antagonists inhibit
diet-induced obesity, reverse IR, and glucose intolerance,
and they beneficially modulate liver and pancreatic meta-
bolic parameters [39]. Our results indicated that elevated
levels of German cockroach specific IgE may promote
the development of inflammation, possibly exacerbating
airway hyperresponsiveness on asthma adolescents and
bring about undesirable consequences. Similarly, higher
milk specific IgE level was also related to the higher odds
of IR. Gong et al. [40] suggested that specific bioactive
peptides from goat milk casein hydrolysates ameliorated
insulin resistance in HepG2 cells that had been treated
with high glucose. Studies by Delgadillo-Puga et al. [41]
and Chakrabarti et al. [42] also discovered the same phe-
nomenon. These results prompted that allergic to milk
may associated with IR. Subgroup analysis results indi-
cated that adolescents with/without history of allergy or
asthma should focus on the allergen monitoring, adopt-
ing the principle of the Med diet, and keeping appropri-
ate physical activities in daily life, which may help reduce
the risk of IR.

The current study basing on the NHANES database
explored the roles of serum total IgE and allergen-specific
IgE in IR among adolescents, which relatively filled the
literature gap in this field. However, there are still some
limitations. As a cross-sectional study, it could not infer
the causal associations of serum total IgE and allergen-
specific IgE with IR. The NHANES only detects the
expression of 19 common allergen-specific IgE in blood
samples, and although other potential related allergens
are omitted, it already contains common types in daily
life. This study was limited to only 1 two-year cycle data
in the database, and there were very few positive samples
for some allergen-specific IgE such as rat-specific IgE
level that was difficult to output the results. Therefore, it

Page 11 of 12

is necessary to conduct larger, more complete prospec-
tive cohort studies to confirm the associations of serum
total IgE and allergic-specific IgE with IR among adoles-
cents in the future.

Conclusion

Allergen-specific IgE levels were associated with the odds
of IR in adolescents. Paying attention to adolescents who
are allergic to different allergens may be important in the
early identification of this high IR risk population.

Abbreviations

IR Insulin resistance

IgE Immunoglobulin E

NHANES National Health and Nutrition Examination Survey
IRB Institutional Review Board

NCHS National Center for Health Statistics

cDbC Centers for Disease Control and Prevention
HOMA-IR ~ Homeostatic model assessment of insulin resistance
PIR poverty-to-income ratio

BMI body mass index

SBP systolic blood pressure

DBP diastolic blood pressure

MET Metabolic equivalent

IQR interquartile range

ORs odds ratios

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512887-024-04685-3.

[ Supplementary Material 1 J

Acknowledgements.
Not applicable.

Author contributions

YaL and Yol designed the study. YaL wrote the manuscript. XW collected,
analyzed, and interpreted the data. Yol critically reviewed, edited, and
approved the manuscript. All authors read and approved the final manuscript.

Funding.
Not applicable.

Availability of data and materials.
The datasets generated and/or analyzed during the current study are available
in the NHANES database, https://wwwn.cdc.gov/nchs/nhanes/.

Declarations

Ethics approval and consent to participate

The requirement of ethical approval for this was waived by the IRB of Sun Yat-
sen Memorial Hospital, Sun Yat-sen University, because the data was accessed
from NHANES (a publicly available database). The need for written informed
consent was waived by the IRB of Sun Yat-sen Memorial Hospital, Sun Yat-
sen University due to retrospective nature of the study. All methods were
performed in accordance with the relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.


https://doi.org/10.1186/s12887-024-04685-3
https://doi.org/10.1186/s12887-024-04685-3
https://wwwn.cdc.gov/nchs/nhanes/

Liu et al. BMC Pediatrics

(2024) 24:332

Received: 20 July 2023 / Accepted: 1 March 2024
Published online: 14 May 2024

References

1.

2.

Lee SH, Park SY, Choi CS. Insulin resistance: from mechanisms to therapeutic
strategies. Diabetes Metab J. 2022;46:15-37.

Rocha NP, Milagres LC, Longo GZ, Ribeiro AQ, Novaes JF. Association between
dietary pattern and cardiometabolic risk in children and adolescents: a
systematic review. J Pediatr (Rio J). 2017,93:214-22.

Andrade MIS, Oliveira JS, Leal VS, Lima N, Bezerra PB, Santiago ERC, et al.
Prevalence of Insulin Resistance and Association with metabolic risk factors
and Food Consumption in adolescents - Recife/Brazil. Rev Paul Pediatr.
2020;38:2019016.

Deusdara R, de Moura Souza A, Szklo M. Association between Obesity, Over-
weight, Elevated Waist Circumference, and Insulin Resistance Markers among
Brazilian Adolescent Students. Nutrients. 2022; 14.

Shi MA, Shi GP. Different roles of mast cells in obesity and diabetes: lessons
from experimental animals and humans. Front Immunol. 2012;3:7.

Kim MK, Jeong JS, Han K, Baek KH, Song KH, Kwon HS. House dust mite and
Cockroach specific immunoglobulin E sensitization is associated with diabe-
tes mellitus in the adult Korean population. Sci Rep. 2018;8:2614.

Xu Z,WangT,Guo X, LiY, HuY, Ma C, et al. The relationship of serum Antigen-
Specific and Total Immunoglobulin E with Adult Cardiovascular diseases. Int J
Med Sci. 2018;15:1098-104.

Wang Z, Shen XH, Feng WM, Qiu W. Mast cell specific immunological
biomarkers and metabolic syndrome among middle-aged and older Chinese
adults. Endocr J. 2017;64:245-53.

Zhang X, LiJ, Luo S, Wang M, Huang Q, Deng Z, et al. IgE contributes to ath-
erosclerosis and obesity by affecting macrophage polarization, Macrophage
Protein Network, and Foam cell formation. Arterioscler Thromb Vasc Biol.
2020;40:597-610.

Lommatzsch M, Speer T, Herr C, Jorres RA, Watz H, Miller A, et al. IgE is
associated with exacerbations and lung function decline in COPD. Respir Res.
2022;23:1.

Attina TM, Trasande L. Association of exposure to Di-2-Ethylhexylphthalate
replacements with increased insulin resistance in adolescents from NHANES
2009-2012. J Clin Endocrinol Metab. 2015;100:2640-50.

Lee JM, Okumura MJ, Davis MM, Herman WH, Gurney JG. Prevalence and
determinants of insulin resistance among U.S. adolescents: a population-
based study. Diabetes Care. 2006;29:2427-32.

Li R, Xia J, Zhang XI, Gathirua-Mwangi WG, Guo J, Li Y, et al. Associations of
muscle Mass and Strength with all-cause mortality among US older adults.
Med Sci Sports Exerc. 2018;50:458-67.

Healy GN, Clark BK, Winkler EA, Gardiner PA, Brown WJ, Matthews CE. Mea-
surement of adults’sedentary time in population-based studies. Am J Prev
Med. 2011;41:216-27.

Lodrup Carlsen KC, Roll S, Carlsen KH, Mowinckel P, Wijga AH, Brunekreef B,
et al. Does pet ownership in infancy lead to asthma or allergy at school age?
Pooled analysis of individual participant data from 11 European birth cohorts.
PLOS ONE. 2012;7:€43214.

Johnson CL, Paulose-Ram R, Ogden CL, Carroll MD, Kruszon-Moran D,
Dohrmann SM et al. National health and nutrition examination survey:
analytic guidelines, 1999-2010. Vital Health Stat 2. 2013: 1-24.
Rodriguez-Moran M, Guerrero-Romero F. Insulin resistance is independently
related to age in Mexican women. J Endocrinol Invest. 2003,26:42-8.

De Paoli M, Zakharia A, Werstuck GH. The role of estrogen in insulin resis-
tance: a review of clinical and preclinical data. Am J Pathol. 2021;191:1490-8.
Kramer H, Dugas L, Rosas SE. Race and the insulin resistance syndrome.
Semin Nephrol. 2013;33:457-67.

Forno E, Han YY, Muzumdar RH, Celeddn JC. Insulin resistance, metabolic
syndrome, and lung function in US adolescents with and without asthma. J
Allergy Clin Immunol. 2015;136:304-11.

Rastogi D, Fraser S, Oh J, Huber AM, Schulman Y, et al. Inflammation,
metabolic dysregulation, and pulmonary function among obese urban
adolescents with asthma. Am J Respir Crit Care Med. 2015;191:149-60.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 12 of 12

Lee SE, Baek JY, Han K, Koh EH. Insulin resistance increases serum immu-
noglobulin E sensitization in Premenopausal Women. Diabetes Metab J.
2021;45:175-82.

Song X, Li B, Wang H, Zou X, Gao R, Zhang W, et al. Asthma alleviates obesity
in males through regulating metabolism and energy expenditure. Biochim
Biophys Acta Mol Basis Dis. 2019;1865:350-9.

Ma J, Xiao L, Knowles SB. Obesity, insulin resistance and the prevalence of
atopy and asthma in US adults. Allergy. 2010,65:1455-63.

Chiarelli F, Marcovecchio ML. Insulin resistance and obesity in childhood. Eur
J Endocrinol. 2008;1:567-74.

Tagi VM, Chiarelli F. Obesity and insulin resistance in children. Curr Opin
Pediatr. 2020;32:582-8.

Phipps S, Lam CE, Foster PS, Matthaei KI. The contribution of toll-like recep-
tors to the pathogenesis of asthma. Immunol Cell Biol. 2007;85:463-70.
Doganci A, Sauer K, Karwot R, Finotto S. Pathological role of IL-6 in the
experimental allergic bronchial asthma in mice. Clin Rev Allergy Immunol.
2005;28:257-70.

Kern PA, Ranganathan S, Li C, Wood L, Ranganathan G. Adipose tissue tumor
necrosis factor and interleukin-6 expression in human obesity and insulin
resistance. Am J Physiol Endocrinol Metab. 2001,280:E745-51.

Kuo LH, Tsai PJ, Jiang MJ, Chuang YL, Yu L, Lai KT, et al. Toll-like receptor 2
deficiency improves insulin sensitivity and hepatic insulin signalling in the
mouse. Diabetologia. 2011;54:168-79.

ShiH, Kokoeva MV, Inouye K, Tzameli |, Yin H, Flier JS. TLR4 links innate immu-
nity and fatty acid-induced insulin resistance. J Clin Invest. 2006;116:3015-25.
Salo PM, Calatroni A, Gergen PJ, Hoppin JA, Sever ML, Jaramillo R, et al.
Allergy-related outcomes in relation to serum IgE: results from the National
Health and Nutrition Examination Survey 2005-2006. J Allergy Clin Immunol.
2011;127:1226-e357.

Arbes SJ Jr, Gergen PJ, Vaughn B, Zeldin DC. Asthma cases attributable to
atopy: results from the Third National Health and Nutrition Examination
Survey. J Allergy Clin Immunol. 2007;120:1139-45.

Hirota S, Helli P, Janssen LJ. lonic mechanisms and Ca2 + handling in airway
smooth muscle. Eur Respir J. 2007,30:114-33.

Ledesma A, Gonzalez E, Pascual CY, Quiralte J, Villalba M, Rodriguez R. Are
Ca2+-binding motifs involved in the immunoglobin E-binding of allergens?
Olive pollen allergens as model of study. Clin Exp Allergy. 2002;32:1476-83.
Ho HE, Chun'Y, Jeong S, Jumreornvong O, Sicherer SH, Bunyavanich S. Mul-
tidimensional study of the oral microbiome, metabolite, and immunologic
environment in peanut allergy. J Allergy Clin Immunol. 2021;148:627-32.
Calcaterra V, Verduci E, Vandoni M, Rossi V, Fiore G, Massini G, et al. The effect
of healthy lifestyle strategies on the management of insulin resistance

in children and adolescents with obesity: a narrative review. Nutrients.
2022;14:4692.

Page K. Role of cockroach proteases in allergic disease. Curr Allergy Asthma
Rep. 2012;12:448-55.

Lim J, lyer A, Liu L, Suen JY, Lohman RJ, Seow V, et al. Diet-induced obesity,
adipose inflammation, and metabolic dysfunction correlating with PAR2
expression are attenuated by PAR2 antagonism. FASEB J. 2013;27:4757-67.
Gong H, Gao J,Wang Y, Luo QW, Guo KR, Ren FZ, et al. Identification of novel
peptides from goat milk casein that ameliorate high-glucose-induced insulin
resistance in HepG2 cells. J Dairy Sci. 2020;103:4907-18.

Delgadillo-Puga C, Noriega LG, Morales-Romero AM, Nieto-Camacho A,
Granados-Portillo O, Rodriguez-Lopez LA et al. Goat's Milk Intake Prevents
Obesity, Hepatic Steatosis and Insulin Resistance in Mice Fed A High-Fat Diet
by Reducing Inflammatory Markers and Increasing Energy Expenditure and
Mitochondrial Content in Skeletal Muscle. Int J Mol Sci. 2020; 21.
Chakrabarti S, Jahandideh F, Davidge ST, Wu J. Milk-derived tripeptides

IPP (lle-Pro-Pro) and VPP (Val-Pro-Pro) enhance insulin sensitivity and
prevent insulin resistance in 3T3-F442A preadipocytes. J Agric Food Chem.
2018;66:10179-87.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Association of serum total IgE and allergen-specific IgE with insulin resistance in adolescents: an analysis of the NHANES database
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study design and population
	﻿Measurement of serum total IgE and allergen-specific IgE
	﻿Definition of insulin resistance
	﻿Variables selection
	﻿Statistical analyses

	﻿Results
	﻿Characteristics of adolescents
	﻿Associations of serum total IgE and allergen-specific IgE with IR
	﻿Relationships of serum total IgE and allergen-specific IgE with IR in different subgroups

	﻿Discussion
	﻿Conclusion
	﻿References


