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Abstract

Background
Epidemiological evidence for the association of allergies with diabetes mellitus (DM) is limited.

Objective
To Investigate the association of allergic symptoms and allergens with DM by analyzing National Health
and Nutrition Examination Survey (NHANES) data.

Methods
Data from 1687 subjects were screened from the 2005–2006 NHANES (n = 10348) data, and logistic
regression models were built and strati�ed analysis was performed to describe the association of allergic
symptoms and allergens with DM and the constraints in which they were associated.

Results
After adjusting for confounding factors, the strati�ed analysis found that the risk of allergic symptoms in
DM patients increased by 1.847-fold, 1.646-fold, 3.859-fold, 2.862-fold, and 1.476-fold among the middle-
aged, males, people with total household size of 3 or 4, and high blood pressure (HBP) patients, but
decreased by 0.024-fold and 0.285-fold in people living alone or with normal weight. In females or when
the total number of people in the household was 4, the risk of allergen sensitization in DM patients
increased by 2.028-fold and 4.674-fold. Compared with people without DM, people with DM had a 1.585-
fold increased risk of developing a D. Pteronyssinus allergy and a 0.372-fold lower risk of developing an
oak allergy.

Conclusions
DM is a risk factor for allergic symptoms and allergen sensitization under certain conditions and
increases the risk of D. Pteronyssinus allergy and reduces the risk of oak allergy.

1. Introduction
Allergic rhinitis (AR) is one of the most common chronic in�ammatory allergic diseases and has a high
risk of comorbidity with asthma and atopic dermatitis (AD) [1, 2], and allergic symptoms have a serious
impact on people's daily lives [3]. AR has the following types of allergens, which are inhalation allergens,
such as dust mites, pollen, mold and so on [4], and ingestion of allergens, such as foods represented by
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eggs, milk, nuts and so on [5–8], and drugs such as β-lactam antibiotics represented by penicillin [9] and
sulfonamides [10]. The total average cost of treating AR per patient per year is as high as EUR 2326.70,
including direct costs of EUR 553.80 and indirect costs of EUR 1772.90 [11]. The average annual cost of
care for a child with food allergy alone in the United States is as high as $4184 per person [12], while
direct medical costs for childhood or adult asthma are estimated to be approximately �ve times the cost
per child with food allergy [13]. The treatment process of allergic diseases not only produces huge
medical consumption, but also brings huge economic losses to the society [11–16]. The occurrence of AR
is related to genetic susceptibility, environmental factors and personal constitution, and its main
pathogenesis is currently considered to be type 2 T helper cell [Th2]-mediated in�ammation [17].

Diabetes mellitus (DM) is a metabolic disease with symptoms affecting multiple organs throughout the
body, characterized by a chronic hyperglycemic state associated with in�ammation and oxidative stress,
resulting in micro- and macro-vascular damage in multiple organs [18], related to T helper 1 [Th1]-
mediated in�ammation [19]. The development of DM involves multiple pathogenic pathways, including
autoimmune destruction of pancreatic β-cells, insulin de�ciency, and abnormal insulin resistance [20].
Typical symptoms of hyperglycemia include polydipsia, polyuria, weight loss, and sometimes blurred
vision and polyphagia. Diabetic ketoacidosis or diabetic nonketotic hyperosmolar syndrome caused by
poor glycemic control can seriously endanger the patient's life [21]. As of 2021, more than 1.2 million
children and adolescents (0–19 years old) and 537 million adults (20–79 years old) have DM worldwide,
and the number is expected to increase to 643 million by 2030 [22]. DM is recognized as the ninth leading
cause of death in the world [23], causing 6.7 million deaths, seriously affecting people's health and safety,
resulting in at least $966 billion in health expenditures, accounting for 9% of total adult spending [22].

Epidemiological studies have found an association between allergic diseases and DM [24–33], but
whether the conclusion is positive or negative remains highly controversial. For example, it has been
reported that children with type 1 diabetes mellitus (T1DM) have an increased risk of AR [32], while AR
and type 2 diabetes mellitus (T2DM) are inversely correlated in adults aged 30 years and older [34].
Molecular mechanism studies have found that cytokines secreted by Th2 cells may signal to increase
Th1 cell levels and upregulate proteins involved in the development of DM [17]. These �ndings suggest a
correlation between AR and DM. Therefore, we provide evidence for the relationship between AR and DM
by exploring the relationship between allergic symptoms and allergens with DM by using the data from
NHANES.

2. Materials And Methods

2.1. Subjects
Data was extracted from National Health and Nutrition Examination Survey (NHANES). NHANES is a
cross-sectional probability survey based on the U.S. population aged 0 to 85 to collect information on the
health and nutrition of the U.S. family population [35]. The survey is divided into two parts: family
interview and health examination. NHANES is a free public dataset approved by the Research Ethics



Page 4/20

Review Board (ERB). The document approving the NHANES 2005–2006 data review was Protocol #2005-
06 [36].

Selected from 10,348 subjects from NHANES 2005–2006, after screening for allergy, DM, and medical
conditions questionnaires and excluding data for no demographic variables, BMI, serum cotinine, alcohol
use, physical activity and high blood pressure (HBP), a total of 1687 subjecs were obtained as the �nal
study population. Figure 1 shows the screening process for study subjects.

2.2. Allergic symptoms
Allergy questionnaires and medical condition questionnaires were integrated and selected to obtain
allergy symptom data. Screening the questions on the Allergy Questionnaire for "Doctors diagnosed hay
fever, allergy, eczema or dymptoms in the past 12 months" (AGQ010, AGQ030, AGQ040, AGQ060,
AGQ100, AGQ140, AGQ180) [37] and the questions on the Medical Conditions Questionnaire for "Doctor
diagnosed asthma and asthma attacks in the past 12 months" (MCQ010, MCQ040) [38]. Allergy
symptoms were considered to be present if the subject answered yes to some question [39], and no
allergy symptoms were considered to be present if the subject answered no to all questions.

2.3. Allergen sensitization
The lower limit of detection (LLOD) for the detection of speci�c immunoglobulin E (sIgE) antibodies
against 19 allergens, D. Farinae, D. Pteronyssinus, cat, dog, cockroach, Alternaria, peanut, egg, milk,
ragweed, rye grass, Bermuda grass, oak, birch, shrimp, aspergillus, thistle, mouse and rat, was the same at
0.35 kU/L, and there was no data exceeding the upper limit of detection [40]. Allergen sensitization was
considered to be present if a subject's test values were higher than the LLOD (sIgE ≥ 0.35 kU/L), and no
speci�c sensitization was considered to be present if all subjects' test values were lower than the LLOD
(sIgE < 0.35 kU/L) [41].

2.4. Allergen allergy
A subject was considered to have allergen allergy if the subject had allergic symptoms and allergen
sensitization, otherwise it was not considered to have allergen allergy.

2.5. DM
All subjects aged ≥ 12 years underwent morning FPG testing to assess DM after a 9-hour fast [42]. For
the complete sample, testing for A1c was also performed [43].

Screening and integration of the questions on the Diabetes Questionnaire for "Doctors diagnosed
Diabetes and taking diabetes medications" (DIQ010, DIQ070) [44]. For the missing questions in 103
prediabetics (DIQ010 = 3), estimates were re�ned based on the use of oral antidiabetic drugs, Acarbose,
Cholopropamide, Glimepiride, Glipizide, Glucagon, Glyburide, Metformin, Miglitol, Nateglinide,
Pioglitazone, Repagilinide, Rosiglitazone, Tolazamide, Troglitazone, Glipizide and Metformin, Glyburide
and Metformin, Metformin and Rosiglitazone, reported in the prescription drug section of the household
questionnaire [44]. The missing response code for DID070 was “1” (with DM) if the prediabetics reported
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any oral antidiabetic drug for all medications used in the month prior to the interview, and if the
prediabetics did not report the use of any such oral hypoglycemic agents, the code was “2” (without DM)
[44].

DM was considered to be present if FPG ≥ 126mg/dL, or A1c ≥ 6.5% [20], or the subject answered yes to
DM in the diabetes questionnaire interview, and no DM was considered to be present if all the above three
conditions are negative.

2.6. Confounding factors
Some known confounding factors affecting the development of allergic disease and DM, such as age
[45], sex, race or ethnicity, country of birth, total number of households [41], family poverty income ratio
(PIR) [41], education level of household reference [46], body mass index (BMI) [47], cotinine [48], alcohol
consumption [49], physical activity [49] and HBP [50] were sorted out.

Age was divided into three confounding factors: young people (< 44 years old), middle-aged people (45–
59 years old), and elderly people (> 60 years old), according to the age classi�cation criteria of the World
Health Organization (WHO) [45]. Sex was divided into two confounding factors: males and females. Race
or ethnicity was divided into �ve confounding factors: Mexican American, other Hispanic, non-Hispanic
White, non-Hispanic Black, and other race. Country of birth was divided into three confounding factors:
U.S., Mexico and elsewhere. Total number of households was divided into �ve confounding factors: 1, 2,
3, 4, ≥ 5 [41]. PIR is a measure of family economic well-beings and is the ratio of income to household
poverty. When PIR < 1.85, the family is eligible for federal food assistance [51]. PIR was divided into two
confounding factors: <1.85 and ≥ 1.85. The household reference person is the �rst household member
aged ≥ 18 listed on the Screener Household Member Roster to own or lease the dwelling in which the
household member lives [52]. Use information about the reference person to describe the household
situation in which the survey subjects lived. Reference person education level which is the highest grade
or level of school that the household reference person has received was divided into three confounding
factors: <12th Grade, 12th Grade/GED, and > 12th Grade [46]. BMI is a statistical index that estimates
body fat in males and females of any age group, obtained by dividing a person's weight in kilograms by
the square of their height in meters [47]. BMI was divided into underweight (< 18.5 kg/m2), normal weight
(18.5–24.9 kg/m²), overweight (25-29.9 kg/m²) and obese (≥ 30 kg/m²), according to the BMI
classi�cation of WHO and the National Institutes of Health [47]. Cotinine, which was used to describe the
subjects’ smoking status, was divided into three confounding factors: < 0.015 ng/mL, < 10 ng/mL, ≥ 10
ng/mL [48]. Alcohol consumption screened the alcohol use questionnaire was divided into two
confounding factors: yes (drinking) and no (non-drinking) [53]. Physical activity screened the physical
activity questionnaire was divided into two confounding factors: yes (moderate activity) and no (no
moderate activity) [54]. HBP screened by the blood pressure & cholesterol questionnaire was divided into
two confounding factors: yes (HBP) and no (no HBP) [55].

2.7. Statistical analysis
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Independent logistic regression models were established, with allergic symptoms, allergen sensitization
and allergy as the three outcome variables, DM as the independent variable, after adjusting for the above
confounding factors. To illustrate the complex sample survey design of NHANES 2005–2006, the design
variables [56, 57] were applied to all data analyses in this study.

In order to observe whether allergy symptoms and allergen sensitization are related to DM under speci�c
conditions, strati�ed analysis was performed on the basis of the above independent models. Each time a
confounding factor was selected as a layer variable, a logistic regression model was established under
the condition that all the remaining confounding factors were adjusted, and the dependent and
independent variables remained unchanged, and correlation analysis was performed.

Logistic regression analysis with complex sampling was performed using SPSS (version 23.0.0, IBM,
USA). Forest plots were drawn using Rstudio (version 1.3.1073.0). The Wald test was used to check
whether the constraints in the regression hold. Results were considered statistically signi�cant when the
probability (P) < 0.05.

3. Results

3.1. Basic characteristics of study population and crude
association of each variable with DM
The baseline characteristics of the 1687 participants screened in NHANES 2005–2006 and the
relationship between each confounding factor and DM are shown in Table 1. A total of 237 of the
subjects had DM and 1450 did not. As shown in table 1, the prevalence of DM was signi�cantly different
among subjects in different age groups (P<0.001), family economic status (P = 0.001), education level of
household reference persons (P = 0.001), BMI value (P < 0.001), smoking (P = 0.026), drinking (P = 0.001),
physical activity (P = 0.034) and blood pressure status (P < 0.001).

Table 1 Description of study population characteristics and crude association of each variable with DM.
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Characteristic DM (Referent = No)

Yes (N = 237) No (N = 1450) P-value*

Age     <0.001

20–44y 32 (18.7%) 738 (49.4%)  

45–59y 59 (30.0%) 331 (31.1%)  

60–85y 146 (51.3%) 381 (19.5%)  

Sex     0.410

Males 119 (46.3%) 709 (50.2%)  

Females 118 (53.7%) 741 (49.8%)  

Race or ethnicity     0.128

Mexican American 52 (9.3%) 268 (7.2%)  

Other Hispanic 5 (3.8%) 46 (3.0%)  

Non-Hispanic White 106 (68.2%) 782 (74.5%)  

Non-Hispanic Black 70 (15.3%) 287 (9.8%)  

Other race 4 (3.5%) 67 (5.6%)  

Country of birth     0.608

U.S. 190 (85.4%) 1166 (87.2%)  

Mexico 30 (5.5%) 171 (4.6%)  

Elsewhere 17 (9.1%) 113 (8.2%)  

Numbera     0.116

1 45 (14.8%) 196 (13.5%)  

The frequency in brackets is the proportion of the characteristic population in the U.S. after adjusting
for the sampling weight.

* P-value Wald test is used to test the logistic regression coe�cient.

a Number Total number of people in the Household.

b PIR Ratio of income to household poverty line.

c BMI Body mass index.

d HBP High blood pressure.
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Characteristic DM (Referent = No)

Yes (N = 237) No (N = 1450) P-value*

2 96 (42.3%) 445 (32.3%)  

3 37 (17.9%) 288 (20.9%)  

4 24 (13.0%) 232 (17.2%)  

≥ 5 35 (12.0%) 289 (16.1%)  

PIRb     0.001

< 1.85 120 (37.5%) 517 (24.2%)  

≥ 1.85 117 (62.5%) 933 (75.8%)  

Education Level     0.001

< 12th Grade 79 (25.7%) 338 (15.6%)  

12th Grade/GED 73 (34.3%) 352 (25.5%)  

> 12th Grade 85 (40.0%) 760 (58.9%)  

BMIc     <0.001

< 18.5 kg/m2 1 (0.3%) 27 (2.0%)  

< 25 kg/m2 30 (11.1%) 448 (33.0%)  

< 30 kg/m2 62 (25.2%) 492 (32.3%)  

≥ 30 kg/m2 144 (63.4%) 483 (32.8%)  

Cotinine     0.026

< 0.015 ng/mL 50 (22.4%) 246 (14.5%)  

0.015-10 ng/mL 135 (52.5%) 831 (56.2%)  

The frequency in brackets is the proportion of the characteristic population in the U.S. after adjusting
for the sampling weight.

* P-value Wald test is used to test the logistic regression coe�cient.

a Number Total number of people in the Household.

b PIR Ratio of income to household poverty line.

c BMI Body mass index.

d HBP High blood pressure.
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Characteristic DM (Referent = No)

Yes (N = 237) No (N = 1450) P-value*

≥ 10 ng/mL 52 (25.1%) 373 (29.2%)  

Alcohol consumption     0.001

Yes 128 (58.7%) 1021 (76.4%)  

No 109 (41.3%) 429 (23.6%)  

Physical activity     0.034

Yes 115 (51.6%) 809 (60.9%)  

No 122 (48.4%) 641 (39.1%)  

HBPd     <0.001

Yes 156 (66.0%) 405 (26.9%)  

No 81 (34.0%) 1045 (73.1%)  

The frequency in brackets is the proportion of the characteristic population in the U.S. after adjusting
for the sampling weight.

* P-value Wald test is used to test the logistic regression coe�cient.

a Number Total number of people in the Household.

b PIR Ratio of income to household poverty line.

c BMI Body mass index.

d HBP High blood pressure.

3.2. Allergic symptoms, allergen sensitization and DM
The associations of allergic symptoms and allergen sensitization with DM were calculated before and
after adjustment for the confounding factors. As shown in table 2, DM increased the incidence of allergic
symptoms and allergen sensitization although the correlation was not signi�cant.

Table 2 Association of DM with allergic symptoms and allergen sensitization.
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  Model 1a Model 2b

ORc (95%CI) d P-value* ORc (95%CI) d P-value*

DM and allergic symptoms 1.158 (0.919–1.459) 0.176 1.171 (0.887–1.546) 0.225

DM and allergen sensitization 1.197 (0.801–1.789) 0.341 1.322 (0.879–1.989) 0.144

a Model 1 is unadjusted for the 12 confounding factors.

b Model 2 is adjusted for the 12 confounding factors.

c OR Odds ratio.

d CI Con�dence interval.

* P-value Wald test is used to test the logistic regression coe�cient.

 

3.3. Allergic symptoms, allergen sensitization and DM, by
each confounding factor
Table 3 shows the strati�ed analysis of allergy symptoms and allergen sensitization with DM. As shown
in table 3, middle-aged adults with DM had a higher incidence of allergic symptoms (OR, 1.847; 95% CI,
1.121–3.042). Males with DM had a higher incidence of allergy symptoms (OR, 1.646; 95%CI, 1.049–
2.583). When the total number of people in the household was 3 and 4, the incidence of allergy
symptoms in DM patients became higher (OR, 3.859; 95%CI, 1.066–13.968 and OR, 2.862; 95%CI, 1.001–
8.658, respectively). Patients with DM and HBP had a higher incidence of allergic symptoms (OR, 1.476;
95%CI, 1.026–2.123). And when the total number of people in the household was one, or people of
normal weight, the incidence of allergy symptoms was reduced when people had DM (OR, 0.487; 95%CI,
0.247–0.960 and OR, 0.285; 95%CI, 0.096–0.847, respectively).

As shown in table 3, females with DM had a higher incidence of allergen sensitization (OR, 2.028; 95%CI,
1.193–3.447). When the total number of people in the household was 4, the incidence of allergen
sensitization in DM patients became higher (OR, 4.674; 95%CI, 1.992–11.363).

Table 3 Association of DM with allergic symptoms and allergen sensitization, by each confounding
factor.
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Characteristic DM with allergic symptoms

(Referent = No)

DM with speci�c sensitization

(Referent = No)

ORa (95%CI) b P-value* ORa (95%CI) b P-value*

Age        

20–44y 1.457 (0.641–3.311) 0.329 1.957 (0.651–5.882) 0.194

45–59y 1.847 (1.121–3.042) 0.009 1.088 (0.422–2.807) 0.850

60–85y 0.924 (0.550–1.553) 0.745 1.377 (0.748–2.537) 0.264

Sex        

Males 1.646 (1.049–2.583) 0.018 0.748 (0.334–1.677) 0.443

Females 0.843 (0.474–1.499) 0.527 2.028 (1.193–3.447) 0.004

Race or ethnicity        

Mexican American 0.887 (0.465–1.694) 0.693 0.565 (0.132–2.413) 0.402

Other Hispanic 0.935 (0.014–63.804) 0.973 1.321 (0.033–52.117) 0.872

Non-Hispanic White 1.189 (0.831–1.703) 0.303 1.407 (0.836–2.367) 0.162

Non-Hispanic Black 1.497 (0.821–2.727) 0.152 1.105 (0.539–2.265) 0.766

Other race 0.430 (0.025–7.442) 0.528 3.321 (0.252–43.821) 0.321

Country of birth        

U.S. 1.123 (0.836–1.509) 0.402 1.382 (0.838–2.280) 0.169

Mexico 1.268 (0.401–4.010) 0.661 0.633 (0.053–7.547) 0.694

Elsewhere 2.201 (0.392–12.347) 0.330 1.597 (0.174–14.633) 0.652

Numberc        

1 0.487 (0.247–0.960) 0.024 1.255 (0.630–2.501) 0.482

2 0.938 (0.495–1.777) 0.831 0.877 (0.448–1.717) 0.677

3 3.859 (1.066–13.968) 0.025 1.601 (0.444–5.772) 0.434

4 2.862 (1.001–8.658) 0.043 4.674 (1.992–11.363) < 0.001

≥ 5 0.810 (0.298–2.201) 0.653 1.249 (0.428–3.650) 0.658

PIRd        
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Characteristic DM with allergic symptoms

(Referent = No)

DM with speci�c sensitization

(Referent = No)

ORa (95%CI) b P-value* ORa (95%CI) b P-value*

< 1.85 1.093 (0.616–1.939) 0.740 1.548 (0.955–2.509) 0.054

≥ 1.85 1.267 (0.841–1.910) 0.218 1.323 (0.737–2.376) 0.308

Education Level        

< 12th Grade 1.146 (0.377–3.479) 0.794 1.178 (0.533–2.608) 0.659

12th Grade/GED 0.995 (0.366–2.707) 0.992 1.013 (0.567–1.812) 0.961

> 12th Grade 1.302 (0.690–2.456) 0.376 1.573 (0.884–2.798) 0.094

BMIe        

< 18.5 kg/m2 5.222E + 53 (0.000-. g) 0.978 2.105E-46 (0.000-. g) 0.835

< 25 kg/m2 0.285 (0.096–0.847) 0.014 1.301 (0.464–3.645) 0.586

< 30 kg/m2 2.086 (0.820–5.306) 0.093 0.765 (0.292–2.005) 0.554

≥ 30 kg/m2 1.145 (0.808–1.623) 0.406 1.594 (0.889–2.857) 0.089

Cotinine        

< 0.015 ng/mL 2.002 (0.539–7.440) 0.260 1.965 (0.869–4.446) 0.078

0.015-10 ng/mL 0.997 (0.601–1.590) 0.920 1.013 (0.710–1.447) 0.937

≥ 10 ng/mL 1.574 (0.619–4.001) 0.300 1.843 (0.552–6.152) 0.279

Alcohol consumption        

Yes 1.221 (0.866–1.723) 0.215 1.160 (0.649–2.071) 0.586

No 1.078 (0.548–2.120) 0.814 1.333 (0.619–2.872) 0.424

Physical activity        

Yes 1.089 (0.820–1.447) 0.521 1.237 (0.739–2.071) 0.379

No 1.260 (0.706–2.249) 0.394 1.381 (0.886–2.152) 0.121

HBPf        

Yes 1.476 (1.026–2.123) 0.022 1.433 (0.948–2.167) 0.063

No 0.852 (0.503–1.443) 0.517 1.247 (0.457–3.405) 0.639
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Characteristic DM with allergic symptoms

(Referent = No)

DM with speci�c sensitization

(Referent = No)

ORa (95%CI) b P-value* ORa (95%CI) b P-value*

* P-value Wald test is used to test the logistic regression coe�cient.

a OR Odds ratio.

b CI Con�dence interval.

c Number Total number of people in the Household.

d PIR Ratio of income to household poverty line.

e BMI Body mass index.

f - Set to missing value due to �oating-point over�ow when computing this value.

g HBP High blood pressure

 

3.4. Allergen allergy and DM
Figure 2 shows the relationship between speci�c allergies caused by 19 allergens and DM. As shown in
�gure 2, subjects with DM had a 1.585-fold higher risk of developing a D. Pteronyssinus allergy than
those without DM (P = 0.042). Participants with DM had a 0.372-fold higher risk of developing an oak
allergy than those without DM (P = 0.041).

4. Discussion
According to the existing reports, it can be found that the relationship between allergic diseases and DM
is very controversial. But there seems to be consensus that DM exacerbates asthma [58] and AD [24]. The
�ndings of this study of an increased risk of allergic symptoms in DM people in middle age, or in males,
or with HBP were similar to those of a cross-sectional cohort study in the Danish metropolitan area that
among middle-aged people aged 50–64, males or those with HBP or DM had a higher mortality rate
(hazard ratio [HR], 1.83; 95%CI, 1.14–2.38, and HR, 2.42; 95%CI, 0.96–6.11, and HR, 2.47; 95%CI, 1.54–
3.95, respectively) [59]. U.S. adults with AD had a higher prevalence of HBP and DM (OR, 1.46; 95%CI,
1.18–1.80 and OR, 1.52; 95%CI, 1.16–1.99, respectively), and increased with the severity of AD increased,
the incidence of HBP and DM increased [24]. HBP was associated with a 1.43-fold increased risk of
developing asthma, and DM was another factor that increased with asthma (adjusted odds ratio [aOR],
1.75; 95%CI, 1.06 to 3.02), and females were more likely to develop asthma than males (aOR, 1.73; 95%CI,
1.02–2.84) [60]. Similar results were found in this study in the relationship between allergen sensitization
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and DM, with the prevalence of DM in females increasing the incidence of allergen sensitization.
Compared with non-DM subjects, subjects with T2DM had an increased risk of asthma in both males and
females (OR, 1.70; 95%CI, 1.07–2.70; P = 0.026 and OR, 1.88; 95%CI; 1.24–2.85; P = 0.003, respectively),
and BMI was a very signi�cant predictor of asthma independent of diabetic status in females, but not in
males[61]. Any increase in BMI at a normal weight level was not associated with an increased risk of
being diagnosed with DM complications [62], and at normal weight levels, DM was found to reduce the
incidence of allergy symptoms in this study. What’s interesting was differential effects of total number of
people in the household on the incidence of allergic symptoms and allergen sensitization in DM patients
were found.

Dust mite allergy, a very common allergic disease in the world, also known as house dust allergy, is a
sensitization and allergic reaction to dust mite feces. Dermatophagoides pteronyssinus was �rst
identi�ed as the causative allergen of house dust allergy in 1967 [63]. House dust mites are found all over
the world and are present in approximately 84% of American households [63]. We found that having DM
increases the risk of developing a D. Pteronyssinus allergy. Among Korean adults, subjects susceptible to
house dust mites had an increased risk of DM (OR 1.63, 95% CI, 1.03–2.59) [64]. In mouse experiments,
non-obese diabetic (NOD) mice developed more severe allergic asthmatic airway in�ammation and
airway hyperresponsiveness than pre-Th2 BALB/c mice after house dust mite sensitization and challenge
[65]. This seems to suggest that house dust mite allergy is associated with DM which may be related to
IL-4 and IL-17 involving Th2 and Th17 immune responses [65].

Oak is common in the United States, and its pollen is an important allergen in North America, with
approximately 30% of allergy-sensitive people in the U.S. allergic to oak [66]. This study found that having
DM can reduce the risk of oak allergy, and similar results were found for other pollen allergens, although
no signi�cance was observed.

The strength of this study is that it integrates different allergic symptoms and allergens to explore the
relationship with DM and �nd some situations when there is a correlation. NHANES is a free public data
set in the U.S., of which the data is easy to obtain. Due to the complexity of the sampling, the conclusions
of the analysis can be generalized to the entire U.S. The disadvantage is that this is a cross-sectional
analysis and the exact causal relationship cannot be determined because of the disease and factors
coexist. NHANES 2005–2006 does not provide clear diagnostic data or other potential confounding
factors which may not affect the results. Due to data screening reasons, we did not discuss the
association of allergic symptoms and allergens with DM in children and adolescents, and the 95%
con�dence interval for OR included 1 when it was statistically signi�cant when analyzing the association
of allergen allergy and DM.

The relationship between allergy caused by different allergens and DM can be explored by replacing the
database and expanding the sample size. The association mechanism between allergic diseases and DM
is not only related to the Th1/Th2 paradigm [17], but may also involve multiple pathways. Therefore,
based on the NHANES data, it is possible to further analyze whether there is a correlation between the
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detection indicators of allergic diseases such as IgE and the detection indicators of DM such as FPG and
A1c.

Conclusion
DM is a risk factor for allergic diseases in middle-aged people, in males, in people with a total household
size of 3-4, and in HBP patients, for allergen sensitization in females or in people with a total household
size of 4, for D. Pteronyssinus allergy, but is a protective factor for allergic disease in people with a total
household size of 1 or with normal weight and for oak allergy.
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Figure 1

Study subjects �ow chart
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Figure 2

Association of 19 allergen allergies with DM.


