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Introduction: Increasing evidence suggests that alcohol consumption may 
be  associated with allergic diseases. This cross-sectional analysis aimed to 
determine the correlation between alcohol consumption patterns and allergic 
rhinitis (AR) in US adults.

Methods: A cross-sectional study was conducted involving 2,179 individuals 
aged 20 years and older who took part in the 2005–2006 National Health 
and Nutrition Examination Survey (NHANES), which assessed AR and alcohol 
consumption patterns. Alcohol consumption was categorized into three 
groups: “Never” (fewer than 12 drinks in a lifetime), “Now” (currently drinking), 
and “Former” (a prior history of drinking but no longer consuming alcohol). 
The association between alcohol consumption patterns and AR was analyzed 
separately for men and women, adjusting for several comorbidities.

Results: Individuals who currently consume alcohol are more likely to exhibit 
elevated levels of total IgE and cat/dog dander-specific IgE compared to non-
consumers. Compared to “Never” in the male group, “Now” (currently drinking) 
was positively associated with AR in both the partially adjusted analysis and 
the fully adjusted model. However, we  did not find any positive relationship 
between alcohol consumption patterns and AR in the female group, which 
suggests that current drinking was linked to a higher prevalence of AR in men 
but not in women.

Conclusion: We discovered that current drinking was positively associated with 
a high prevalence of AR in men.
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1 Introduction

Allergic rhinitis (AR) is characterized by clinical symptoms of the upper airway, including 
paroxysmal sneezing, nasal pruritus, nasal obstruction, and rhinorrhea (1). These symptoms 
result in sleep disturbances, fatigue, depression, reduced olfactory perception, and cognitive 
impairment, all of which significantly affect the quality of life and productivity in both learning 
and work settings (2). Furthermore, AR is associated with the presence of asthma, eczema, 
chronic or recurrent sinusitis, coughing, and both tension and migraine headaches (3). 
Currently, AR affects approximately 15% of the US population (3) and costs the healthcare 
system $US4.9 billion annually (4). The increasing incidence of AR and other allergic diseases 
is attributed to lifestyle factors and environmental changes that influence immune regulation, 
increase susceptibility to allergy sensitization, and promote chronic inflammation (5).
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As a global public health phenomenon, alcohol consumption is 
the third leading cause of premature mortality in the US (6). Alcohol-
induced injury represents a systemic insult associated with both acute 
and chronic alcohol consumption, which contributes to increased 
comorbidities across various organ systems, including the nervous, 
respiratory, and digestive systems (7). Epidemiological studies 
indicate that alcohol may be a cofactor affecting allergic reactions (8). 
Previous research suggested that alcohol consumption is linked to a 
higher risk of developing AR and positively affects serum total 
immunoglobulin E (IgE) levels (9–11), which play a critical role in 
allergic diseases (12). Additionally, alcohol consumption during 
pregnancy may increase the incidence of early-onset atopic dermatitis 
in predisposed infants (13). However, according to a Mendelian 
randomization approach, there is no evidence that prenatal alcohol 
exposure raises the incidence of childhood asthma or atopy (14). 
Meanwhile, a prospective investigation discovered that, in contrast to 
exercise and aspirin, which enhance clinical responses in wheat-
dependent exercise-induced anaphylaxis by decreasing the threshold 
and intensifying the allergic reaction, alcohol yielded ambiguous 
results (15). Inconsistent findings from earlier studies suggest that the 
relationship between alcohol consumption and allergic diseases 
remains unclear.

The National Health and Nutrition Examination Survey 
(NHANES) is a publicly available database. This study aimed to 
investigate whether alcohol consumption is related to AR in a sizable 
representative US adult sample.

2 Methods

2.1 Database and study subjects

The data analyzed were obtained from the NHANES database, 
which collects information on the diet, nutritional status, health, and 
health-related behaviors of the non-institutionalized US civilian 
population to assess health and nutrition. Before participating in the 
study, each subject provided written informed consent. They were first 
interviewed at home and then scheduled for examinations at the 
mobile examination center (MEC).

In this research, publicly accessible data from the 2005–2006 
NHANES cycle were used. Initially, a total of 10,348 subjects were 
included. Subsequently, we excluded participants with missing data on 
alcohol consumption patterns (n = 5,997), those without AR-related 
data (n = 2,020), and those without covariate data (n = 152). Finally, 
2,179 participants were included in our analysis (Figure 1).

2.2 Alcohol use

The questionnaire on alcohol use is administered to individuals 
aged 20 years and older. An alcoholic beverage is defined as a 12-ounce 
beer, a 5-ounce glass of wine, or 1.5 ounces of spirits.

Alcohol consumption patterns were the exposure variable in our 
study. Its definition was based on the following questionnaires: 
“ALQ101 - Had at least 12 alcoholic drinks in 1 year?” and “ALQ110 - 
Had at least 12 alcoholic drinks in a lifetime?” Participants were 
categorized as follows: “Never” (less than 12 alcoholic drinks in a 

lifetime) was defined as “no” to ALQ110; “Now” (currently drinking) was 
defined as “yes” to ALQ101; and “Former” (prior history of drinking but 
no longer drinking) was defined as “yes” to ALQ110 but “no” to ALQ101.

In addition, ALQ130 (average alcoholic drinks/day in the past 
12 months) was used to assess the average alcohol intake. “Heavy 
drinking” was defined as responding “yes” to ALQ050 (Ever have five 
or more drinks every day?).

2.3 Assessment of AR

AR diagnosis was based on a combination of questionnaires and 
19 allergen-specific IgE levels. The 2005–2006 NHANES survey 
included inquiries related to prevalent allergic diseases. The AR 
symptom was classified as “yes” in response to either of the following 
two inquiries: “AGQ030: During the past 12 months, have you had 
an episode of hay fever?” and/or “AGQ100: During the past 
12 months, have you had a problem with sneezing, or a runny or 
blocked nose when you did not have a cold or the flu?” A total of 19 
allergen-specific IgE levels were measured, with the lower limit of 
detection remaining constant at 0.35 kU/L. The inclusion criteria for 
AR participants included a positive serum IgE history and a “yes” 
response to either of the two rhinitis-related questions. In contrast, 
the inclusion criteria for the control group were participants with a 
negative serum IgE history and with “yes” responses to neither of the 
two rhinitis-related questions. The other participants were excluded 
from the analyses.

2.4 Covariates of interest

To assess the possible influence of variables that may affect the 
outcomes, relevant factors were incorporated into our multivariable-
adjusted models, informed by prior research (6, 16, 17). The variables 
considered as covariates included the following: age, gender, ethnicity, 

FIGURE 1

Sample selection process.
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marital status, poverty-income ratio (PIR), education level, diabetes, 
cardiovascular disease (CVD), smoking status, physical activity, 
C-reactive protein(CRP), and body mass index (BMI). Marital status 
encompasses being married or cohabiting, widowed, divorced, 
separated, and never married. Educational level is classified as below 
high school and above high school. CVD is defined as having ever 
been diagnosed with congestive heart failure, coronary heart disease, 
angina/angina pectoris, or heart attack. Diabetes is characterized by 
any of the following conditions: having ever been diagnosed with 
diabetes or fasting blood glucose levels ≥126 mg/dL. Smoking status 
encompasses never smoked, former smoker, and current smoker. 
Moderate activity over the past 30 days was used to assess physical 
activity. BMI was calculated as weight/(height)2 kg/m2. PIR is a ratio 
of family income to the poverty threshold, and we  used CRP to 
represent the inflammatory state.

2.5 Statistical analysis

We analyzed the data using EmpowerStats. Categorical variables 
were presented as survey-weighted percentages (95% CIs), while 
continuous variables were expressed as survey-weighted means with 
corresponding 95% confidence intervals (CIs). We  present the 
distribution of baseline data across various groups for the patients 
enrolled in this study. The two groups distinguished by AR status were 
assessed using a weighted Student’s t-test for continuous variables or 
a weighted chi-squared test for categorical variables. The association 
between alcohol use patterns, heavy drinking, and AR in both genders 
was examined through a gender-stratified analysis. The linear 
relationships between average alcohol intake and AR were investigated 
using weighted multiple linear regression and logistic regression. In 
each regression analysis, a set of three statistical models was developed 
in succession. Model I: unadjusted. Model II: adjusted for age, gender, 
and ethnicity. Model III: adjusted for age, gender, ethnicity, marital 
status, PIR, education level, diabetes, CVD, smoking status, physical 
activity, CRP, and BMI. p-values below 0.05 were considered 
statistically significant. *p < 0.05, ** p < 0.01, *** p < 0.001.

3 Results

3.1 Baseline characteristics

A total of 2,179 participants from the 2005–2006 NHANES cycle 
were included in the present analysis. Table 1 presents the clinical 
characteristics of the participants, categorized by the presence of 
AR. The overall prevalence of current AR among participants was 
31.71%. The mean age was 48.14 ± 18.41 years, and 53.42% 
(n  = 1,164) were women. Additionally, 65.58% (n  = 1,429) were 
married, 73.61% (n  = 1,604) had completed at least high school 
education, 53.14% (n  = 1,158) had never smoked, and 56.49% 
(n  = 1,231) were physically active. In addition, the incidence of 
diabetes and CVD was 11.38 and 7.94%, respectively. We examined 
19 allergen-specific IgE levels in individuals with or without alcohol 
consumption. Our data showed that individuals who currently 
consumed alcohol exhibited higher levels of cat/dog dander-specific 
IgE and total IgE compared to those who abstained from drinking in 
the past 12 months (Figure 2).

3.2 Association between alcohol use and 
AR

It is commonly acknowledged that gender plays a significant 
biological role in alcohol consumption (18–20). Previous research 

TABLE 1 Participants’ baseline characteristics in the study (N = 21.79).

Characteristic Control 
N = 1.488

AR N = 691 p-value

Age, mean ± SD (year) 49.49 ± 18.78 45.26 ± 17.25 <0.001

Gender (n) 0.094

 Male 675 (45.36%) 340 (49.20%)

 Female 813 (54.64%) 351 (50.80%)

Ethnicity (n) <0.001

 Mexican American 337 (22.65%) 100 (14.47%)

 Other Hispanic 47 (3.16%) 24 (3.47%)

 Non-Hispanic White 771 (51.81%) 377 (54.56%)

 Non-Hispanic Black 284 (19.09%) 164 (23.73%)

 Other ethnicity 49 (3.29%) 26 (3.76%)

Education level (n) <0.001

 <High School 457 (30.71%) 118 (17.08%)

 ≥High School 1,031 (69.29%) 573 (82.92%)

Marriage <0.001

 Never married 171 (11.49%) 129 (18.67%)

 Married 999 (67.14%) 430 (62.23%)

 Widowed 318 (21.37%) 132 (19.10%)

Diabetes 0.701

 No 1,316 (88.44%) 615 (89.00%)

 Yes 172 (11.56%) 76 (11.00%)

CVD 0.181

 No 1,362 (91.53%) 644 (93.20%)

 Yes 126 (8.47%) 47 (6.80%)

Smoking status 0.096

 Never 770 (51.75%) 388 (56.15%)

 Now 309 (20.77%) 141 (20.41%)

 Former 409 (27.49%) 162 (23.44%)

Physical activity <0.001

 no 690 (46.37%) 258 (37.34%)

 yes 798 (53.63%) 433 (62.66%)

Alcohol consumption 

pattern

0.09

 Never 228 (15.32%) 85 (12.30%)

 Now 1,104 (74.19%) 542 (78.44%)

 Former 156 (10.48%) 64 (9.26%)

 PIR 2.68 ± 1.60 2.91 ± 1.65 0.002

 CRP (mg/dL) 0.46 ± 0.70 0.46 ± 0.94 0.884

 BMI (kg/m2) 28.67 ± 6.64 29.14 ± 7.09 0.129

Mean ± SD for continuous variables. The P-value was determined using a weighted Student’s 
t-test for continuous variables or a weighted chi-square test for categorical variables. Bold 
values indicate statistical significance of p-value less than 0.05.
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has also demonstrated the existence of gender differences in 
alcohol pharmacokinetics, as well as in its effects on 
neurotransmitter systems and gonadal steroid hormones (21, 22). 
Therefore, we employed three models to analyze the relationship 
between alcohol consumption and allergic rhinitis in male and 
female (Table 2). We observed that, in men, the state of being 
“Now” (currently drinking) was positively correlated with AR in 
both the partially and fully adjusted models. However, no 
differences were observed between “Former” (those with a prior 
history of drinking but no longer drinking) and “Never” 
(consuming fewer than 12 alcoholic drinks in a lifetime). We did 
not find any positive correlation between alcohol consumption 
patterns and AR in the female group or the overall group. This 
suggests that current alcohol consumption is associated with a 
higher incidence of AR in men but not in women, highlighting 
the influence of gender stratification on these relationships.

Then, we explored whether average alcohol intake and excessive 
alcohol consumption influence AR. As shown in Tables 3 and 4, after 
adjusting for all covariates, the β values obtained suggested that there 
is no significant association between an increase or decrease in average 
alcohol intake and AR promotion. Meanwhile, there was no difference 
in the development of AR between individuals consuming five or 
more alcoholic beverages daily and those who do not. These results 
indicated that while drinking behavior is linked to AR incidence in 
men, the quantity consumed is not a determining factor.

4 Discussion

In the NHANES cross-sectional study involving 2,179 adults from 
the US, we found that current alcohol consumption was linked to a 
higher risk of AR in men but not in women.

FIGURE 2

Levels of total IgE and cat/dog dander-specific lgE in different groups based on current alcohol use.

TABLE 2 Association between alcohol consumption patterns and the risk of AR.

Alcohol consumption pattern Model I Model II Model III

Male

Never 1 1 1

Now 1.70 (0.94, 3.09) 1.95* (1.06, 3.59) 2.21*(1.18, 4.15)

Former 1.22 (0.57, 2.63) 1.50 (0.69, 3.28) 1.79 (0.81, 3.97)

Female

Never 1 1 1

Now 1.15 (0.84, 1.58) 1.12 (0.80, 1.55) 1.05 (0.74, 1.50)

Former 1.09 (0.70, 1.72) 1.08 (0.68, 1.71) 1.02 (0.64, 1.63)

Total

Never 1 1 1

Now 1.27 (0.96, 1.67) 1.24 (0.93, 1.65) 1.25 (0.93, 1.69)

Former 1.08 (0.74, 1.59) 1.11 (0.75, 1.65) 1.13 (0.76, 1.69)

Model I: unadjusted.
Model II: adjusted for age, gender, and ethnicity.
Model III: adjusted for age, gender, ethnicity, marriage, PIR, education level, diabetes, CVD, smoking status, physical activity, CRP, and BMI.
*p < 0.05. Bold values indicate statistical significance of p-value less than 0.05.
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The morbidity and mortality associated with allergic illnesses are 
both on the rise, and dietary and lifestyle factors may contribute to 
this increase (23, 24). For example, adults who currently smoke may 
experience more severe respiratory and rhinitis symptoms (25). 
Clinical evidence suggests that children with AR who are exposed to 
passive smoke and exhibit elevated serum cotinine levels may develop 
more severe nasal obstruction and microbial dysbiosis (26). 
Meanwhile, observational analyses have revealed that milk 
consumption has a protective effect against hay fever and asthma (27). 
Certain nutrients, including retinol, vitamin A, cryptoxanthin, copper, 
and zinc, may also have positive effects on reducing allergic symptoms 
(28, 29). Furthermore, numerous studies have examined the effects of 
alcohol on AR and other allergic diseases (6, 7, 9–11, 30), but no 
unanimous conclusion has been reached.

Alcohol consumption, even in moderation, can influence the 
immune response and have negative effects on health (30, 31). After 
alcohol consumption, it enters the bloodstream from the stomach and 
the small intestine, diffuses various organs, is then metabolized into 
acetaldehyde and acetate (32). Binge drinking and chronic drinking 
alter the ability of macrophages to detect pathogens and affect the 
production of proinflammatory cytokines by dendritic cells (DCs), 
such as IL-1β, TNF-α, IL-6, and IL-12 (33–35). Furthermore, chronic 
moderate drinking promotes the activation and proliferation of T and 
B cells, while chronic heavy drinking is linked to the depletion and 
apoptosis of T and B cells, as well as an increase in immunoglobulins 

(36). The positive effects of alcohol on IgE and IL-13, while IL-4 levels 
remain unchanged, are primarily derived from observational studies 
and animal experiments (9, 10, 37–39). Given that alcohol can alter 
the epigenetic landscape of genes—affecting gene transcription 
through mechanisms such as miRNAs, DNA methylation, and histone 
modifications (31)—similar processes may contribute to these effects. 
However, further research is necessary to explore and clarify the 
underlying mechanisms.

Further research is required to determine the mechanisms 
through which alcohol consumption impacts AR. Additionally, the 
gender differences in the correlation between alcohol consumption 
patterns and AR are intriguing. Studies have shown that 
respiratory allergies, particularly asthma, are more common in 
men during childhood, while they tend to become more prevalent 
in female individuals from adolescence or after menarche into 
adulthood, mainly due to the effect of female hormones, 
particularly the modulation of inflammatory responses by 
estrogens (40, 41).

Excessive alcohol consumption lowers testosterone levels by 
increasing the activity of aromatase, which converts testosterone into 
estradiol (21). Androgens inhibit Th2 differentiation and Th2 memory 
formation (42), while androgen receptor signaling reduces allergic 
airway inflammation (43). Conversely, estrogen and progesterone 
promote type 2 responses and suppress type 1 responses (40). It is still 
unknown whether sex hormones act as an intermediate factor in the 
relationship between alcohol consumption patterns and AR. Therefore, 
clinical cohort studies and animal experiments are needed.

This current study has several limitations. First, because 
NHANES is a cross-sectional database without longitudinal 
follow-up, it is impossible to determine the mechanism of the 
observed association or the direction of causation. Second, the 
assessment of AR diagnosis was limited by the lack of clinical 
symptom observation and the pattern of alcohol consumption—
the exposure variable was determined through interviews and 
recall, which may have introduced misclassification bias. Third, 
potential confounding factors such as medication use, dietary 
habits, and residential characteristics were not collected in the 
NHANES data bank. Finally, further research with a larger sample 
size is necessary.

In summary, we discovered that current alcohol consumption is 
positively associated with a higher prevalence of AR in men. This 
insight may contribute to a better understanding of AR and help 
improve the quality of life for AR patients.

Data availability statement

Publicly available datasets were analyzed in this study. This data 
can be found at: https://www.cdc.gov/nchs/nhanes/.

Ethics statement
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local legislation and institutional requirements, with participants 
providing written informed consent to participate.

TABLE 3 Associations between heavy alcohol consumption and the risk 
of AR.

Heavy alcohol 
drinking

Model I Model II Model III

Male

No 1.00 1.00 1.00

Yes 0.98 (0.72, 1.34) 1.04 (0.76, 1.43) 1.14 (0.81, 1.59)

Female

No 1.00 1.00 1.00

Yes 1.48 (0.86, 2.56) 1.40 (0.81, 2.43) 1.80 (0.99, 3.26)

Total

No 1.00 1.00 1.00

Yes 1.08 (0.83, 1.42) 1.10 (0.84, 1.44) 1.26 (0.94, 1.67)

Model I: unadjusted.
Model II: adjusted for age, gender, and ethnicity.
Model III: adjusted for age, gender, ethnicity, marriage, PIR, education level, diabetes, CVD, 
smoking status, physical activity, CRP, and BMI.

TABLE 4 Associations between average alcohol intake and the risk of AR.

Average 
alcohol intake

Model I Model II Model III

Male 0.95*(0.90, 1.00) 0.95 (0.89, 1.00) 0.95 (0.90, 1.01)

Female 0.99 (0.89, 1.10) 0.96 (0.86, 1.08) 1.01 (0.89, 1.14)

Total 0.96*(0.91, 1.00) 0.95*(0.90, 1.00) 0.96 (0.91, 1.01)

Model I: unadjusted.
Model II: adjusted for age, gender, and ethnicity.
Model III: adjusted for age, gender, ethnicity, marriage, PIR, education level, diabetes, CVD, 
smoking status, physical activity, CRP, and BMI.
*p < 0.05. Bold values indicate statistical significance of p-value less than 0.05.

https://doi.org/10.3389/fnut.2025.1544889
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.cdc.gov/nchs/nhanes/


He et al. 10.3389/fnut.2025.1544889

Frontiers in Nutrition 06 frontiersin.org

Author contributions

YH: Conceptualization, Formal analysis, Methodology, Writing – 
original draft, Writing – review & editing. YX: Conceptualization, 
Formal analysis, Writing – original draft. ZL: Funding acquisition, 
Writing – review & editing, Supervision.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. This study was supported 
by the Suzhou Gusu Medical Youth Talent [GSWS2023003].

Acknowledgments

The NHANES dataset is publicly accessible. It examined and 
approved studies involving human subjects, ensuring that written 
informed consent was obtained from all participants.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
 1. Blaiss MS, Hammerby E, Robinson S, Kennedy-Martin T, Buchs S. The burden of 

allergic rhinitis and allergic rhinoconjunctivitis on adolescents: a literature review. Ann 
Allergy Asthma Immunol. (2018) 121:43–52.e3. doi: 10.1016/j.anai.2018.03.028

 2. Drazdauskaite G, Layhadi JA, Shamji MH. Mechanisms of allergen immunotherapy in 
allergic rhinitis. Curr Allergy Asthma Rep. (2020) 21:2. doi: 10.1007/s11882-020-00977-7

 3. Bernstein JA, Bernstein JS, Makol R, Ward S. Allergic rhinitis: a review. JAMA. 
(2024) 331:866–77. doi: 10.1001/jama.2024.0530

 4. Czech EJ, Overholser A, Schultz P. Allergic rhinitis. Med Clin North Am. (2024) 
108:609–28. doi: 10.1016/j.mcna.2023.08.013

 5. Asher MI, Rutter CE, Bissell K, Chiang CY, el Sony A, Ellwood E, et al. Worldwide trends 
in the burden of asthma symptoms in school-aged children: global asthma network phase 
I cross-sectional study. Lancet. (2021) 398:1569–80. doi: 10.1016/S0140-6736(21)01450-1

 6. Asowata OJ, Okekunle AP, Adedokun B, Akpa OM. Alcohol use patterns and 
hypertension among adults in the United States: findings from the 2015-2016 NHANES 
data. Public Health. (2023) 225:327–35. doi: 10.1016/j.puhe.2023.10.016

 7. McMahan RH, Anton P, Coleman LG, Cresci GAM, Crews FT, Crotty KM, et al. 
Alcohol and immunology: mechanisms of multi-organ damage. Summary of the 2022 
alcohol and immunology research interest group (AIRIG) meeting. Alcohol. (2023) 
110:57–63. doi: 10.1016/j.alcohol.2023.04.002

 8. Bartra J, Turner PJ, Munoz-Cano RM. Cofactors in food anaphylaxis in adults. Ann 
Allergy Asthma Immunol. (2023) 130:733–40. doi: 10.1016/j.anai.2023.03.017

 9. Linneberg A, Petersen J, Nielsen NH, Madsen F, Frølund L, Dirksen A, et al. The 
relationship of alcohol consumption to total immunoglobulin E and the development 
of immunoglobulin E sensitization: the Copenhagen allergy study. Clin Exp Allergy. 
(2003) 33:192–8. doi: 10.1046/j.1365-2222.2003.01515.x

 10. Gonzalez-Quintela A, Gude F, Boquete O, Rey J, Meijide LM, Suarez F, et al. 
Association of alcohol consumption with total serum immunoglobulin E levels and 
allergic sensitization in an adult population-based survey. Clin Exp Allergy. (2003) 
33:199–205. doi: 10.1046/j.1365-2222.2003.01582.x

 11. Bendtsen P, Grønbæk M, Kjær SK, Munk C, Linneberg A, Tolstrup JS. Alcohol 
consumption and the risk of self-reported perennial and seasonal allergic rhinitis in 
young adult women in a population-based cohort study. Clin Exp Allergy. (2008) 
38:1179–85. doi: 10.1111/j.1365-2222.2008.02945.x

 12. Dantzer JA, Wood RA. Anti-IgE and food allergy. J Allergy Clin Immunol. (2024) 
155:1–11. doi: 10.1016/j.jaci.2024.10.020

 13. Linneberg A, Petersen J, Grønbæk M, Benn CS. Alcohol during pregnancy and 
atopic dermatitis in the offspring. Clin Exp Allergy. (2004) 34:1678–83. doi: 
10.1111/j.1365-2222.2004.02101.x

 14. Shaheen SO, Rutterford C, Zuccolo L, Ring SM, Davey Smith G, Holloway JW, 
et al. Prenatal alcohol exposure and childhood atopic disease: a Mendelian 
randomization approach. J Allergy Clin Immunol. (2014) 133:225–232.e5. doi: 
10.1016/j.jaci.2013.04.051

 15. Christensen MJ, Eller E, Mortz CG, Brockow K, Bindslev-Jensen C. Wheat-
dependent cofactor-augmented anaphylaxis: a prospective study of exercise, aspirin, and 

alcohol efficacy as cofactors. J Allergy Clin Immunol Pract. (2019) 7:114–21. doi: 
10.1016/j.jaip.2018.06.018

 16. Aguirre LE, Colleluori G, Fowler KE, Jan IZ, Villareal K, Qualls C, et al. High 
aromatase activity in hypogonadal men is associated with higher spine bone mineral 
density, increased truncal fat and reduced lean mass. Eur J Endocrinol. (2015) 
173:167–74. doi: 10.1530/EJE-14-1103

 17. Roxbury CR, Qiu M, Shargorodsky J, Woodard TD, Sindwani R, Lin SY. 
Association between rhinitis and depression in United  States adults. J Allergy Clin 
Immunol Pract. (2019) 7:2013–20. doi: 10.1016/j.jaip.2019.02.034

 18. Allen HC, Wesley MJ, Weafer J, Fillmore MT. Sensitivity to the disinhibiting effect 
of alcohol: the role of trait impulsivity and sex differences. Psychol Addict Behav. (2022) 
36:1048–58. doi: 10.1037/adb0000839

 19. Alharshawi K, Fey H, Vogle A, Klenk T, Kim M, Aloman C. Sex specific effect of 
alcohol on hepatic plasmacytoid dendritic cells. Int Immunopharmacol. (2021) 
90:107166. doi: 10.1016/j.intimp.2020.107166

 20. de Abreu MS, Parker MO, Kalueff AV. The critical impact of sex on preclinical 
alcohol research - insights from zebrafish. Front Neuroendocrinol. (2022) 67:101014. doi: 
10.1016/j.yfrne.2022.101014

 21. Kong E, Subramaniyan V, Lubau N. Uncovering the impact of alcohol on internal 
organs and reproductive health: exploring TLR4/NF-kB and CYP2E1/ROS/Nrf2 
pathways. Animal Model Exp Med. (2024) 7:444–59. doi: 10.1002/ame2.12436

 22. Jeong JE, Joo SH, Hahn C, Kim DJ, Kim TS. Gender-specific association between 
alcohol consumption and stress perception, depressed mood, and suicidal ideation: the 
2010-2015 KNHANES. Psychiatry Investig. (2019) 16:386–96. doi: 10.30773/pi.2019.02.28

 23. Venter C. Immunonutrition: diet diversity, gut microbiome and prevention of allergic 
diseases. Allergy Asthma Immunol Res. (2023) 15:545–61. doi: 10.4168/aair.2023.15.5.545

 24. Zhang Y, Lan F, Zhang L. Advances and highlights in allergic rhinitis. Allergy. 
(2021) 76:3383–9. doi: 10.1111/all.15044

 25. Wang J, Janson C, Jogi R, Forsberg B, Gislason T, Holm M, et al. A prospective 
study on the role of smoking, environmental tobacco smoke, indoor painting and living 
in old or new buildings on asthma, rhinitis and respiratory symptoms. Environ Res. 
(2021) 192:110269. doi: 10.1016/j.envres.2020.110269

 26. Brindisi G, Marazzato M, Brunetti F, de Castro G, Loffredo L, Carnevale R, et al. 
Allergic rhinitis, microbiota and passive smoke in children: a pilot study. Pediatr Allergy 
Immunol. (2022) 33:22–6. doi: 10.1111/pai.13621

 27. Skaaby T, Kilpeläinen TO, Mahendran Y, Huang LO, Sallis H, Thuesen BH, et al. 
Association of milk intake with hay fever, asthma, and lung function: a Mendelian 
randomization analysis. Eur J Epidemiol. (2022) 37:713–22. doi: 
10.1007/s10654-021-00826-5

 28. Maywald M, Rink L. Zinc deficiency and zinc supplementation in allergic diseases. 
Biomol Ther. (2024) 14. doi: 10.3390/biom14070863

 29. Sahoyama Y, Hamazato F, Shiozawa M, Nakagawa T, Suda W, Ogata Y, et al. 
Multiple nutritional and gut microbial factors associated with allergic rhinitis: the 
Hitachi health study. Sci Rep. (2022) 12:3359. doi: 10.1038/s41598-022-07398-8

https://doi.org/10.3389/fnut.2025.1544889
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/j.anai.2018.03.028
https://doi.org/10.1007/s11882-020-00977-7
https://doi.org/10.1001/jama.2024.0530
https://doi.org/10.1016/j.mcna.2023.08.013
https://doi.org/10.1016/S0140-6736(21)01450-1
https://doi.org/10.1016/j.puhe.2023.10.016
https://doi.org/10.1016/j.alcohol.2023.04.002
https://doi.org/10.1016/j.anai.2023.03.017
https://doi.org/10.1046/j.1365-2222.2003.01515.x
https://doi.org/10.1046/j.1365-2222.2003.01582.x
https://doi.org/10.1111/j.1365-2222.2008.02945.x
https://doi.org/10.1016/j.jaci.2024.10.020
https://doi.org/10.1111/j.1365-2222.2004.02101.x
https://doi.org/10.1016/j.jaci.2013.04.051
https://doi.org/10.1016/j.jaip.2018.06.018
https://doi.org/10.1530/EJE-14-1103
https://doi.org/10.1016/j.jaip.2019.02.034
https://doi.org/10.1037/adb0000839
https://doi.org/10.1016/j.intimp.2020.107166
https://doi.org/10.1016/j.yfrne.2022.101014
https://doi.org/10.1002/ame2.12436
https://doi.org/10.30773/pi.2019.02.28
https://doi.org/10.4168/aair.2023.15.5.545
https://doi.org/10.1111/all.15044
https://doi.org/10.1016/j.envres.2020.110269
https://doi.org/10.1111/pai.13621
https://doi.org/10.1007/s10654-021-00826-5
https://doi.org/10.3390/biom14070863
https://doi.org/10.1038/s41598-022-07398-8


He et al. 10.3389/fnut.2025.1544889

Frontiers in Nutrition 07 frontiersin.org

 30. Hendriks H. Alcohol and human health: what is the evidence? Annu Rev Food Sci 
Technol. (2020) 11:1–21. doi: 10.1146/annurev-food-032519-051827

 31. Malherbe DC, Messaoudi I. Transcriptional and epigenetic regulation of monocyte 
and macrophage dysfunction by chronic alcohol consumption. Front Immunol. (2022) 
13:911951. doi: 10.3389/fimmu.2022.911951

 32. Cederbaum AI. Alcohol metabolism. Clin Liver Dis. (2012) 16:667–85. doi: 
10.1016/j.cld.2012.08.002

 33. Boule LA, Kovacs EJ. Alcohol, aging, and innate immunity. J Leukoc Biol. (2017) 
102:41–55. doi: 10.1189/jlb.4RU1016-450R

 34. Fan J, Edsen-Moore MR, Turner LE, Cook RT, Legge KL, Waldschmidt TJ, et al. 
Mechanisms by which chronic ethanol feeding limits the ability of dendritic cells to 
stimulate T-cell proliferation. Alcohol Clin Exp Res. (2011) 35:47–59. doi: 
10.1111/j.1530-0277.2010.01321.x

 35. Karavitis J, Kovacs EJ. Macrophage phagocytosis: effects of environmental 
pollutants, alcohol, cigarette smoke, and other external factors. J Leukoc Biol. (2011) 
90:1065–78. doi: 10.1189/jlb.0311114

 36. Caslin B, Mohler K, Thiagarajan S, Melamed E. Alcohol as friend or foe in 
autoimmune diseases: a role for gut microbiome? Gut Microbes. (2021) 13:1916278. doi: 
10.1080/19490976.2021.1916278

 37. Alonso M, Gomez-Rial J, Gude F, Vidal C, Gonzalez-Quintela A. Influence of 
experimental alcohol administration on serum immunoglobulin levels: contrasting 

effects on IgE and other immunoglobulin classes. Int J Immunopathol Pharmacol. (2012) 
25:645–55. doi: 10.1177/039463201202500311

 38. Lin F, Taylor NJ, Su H, Huang X, Hussain MJ, Abeles RD, et al. Alcohol dehydrogenase-
specific T-cell responses are associated with alcohol consumption in patients with alcohol-
related cirrhosis. Hepatology. (2013) 58:314–24. doi: 10.1002/hep.26334

 39. Szabo G, Mandrekar P, Dolganiuc A, Catalano D, Kodys K. Reduced alloreactive 
T-cell activation after alcohol intake is due to impaired monocyte accessory cell function 
and correlates with elevated IL-10, IL-13, and decreased IFNgamma levels. Alcohol Clin 
Exp Res. (2001) 25:1766–72. doi: 10.1111/j.1530-0277.2001.tb02188.x

 40. Ridolo E, Incorvaia C, Martignago I, Caminati M, Canonica GW, Senna G. Sex in 
respiratory and skin allergies. Clin Rev Allergy Immunol. (2019) 56:322–32. doi: 
10.1007/s12016-017-8661-0

 41. Keller T, Hohmann C, Standl M, Wijga AH, Gehring U, Melén E, et al. The sex-
shift in single disease and multimorbid asthma and rhinitis during puberty - a study by 
MeDALL. Allergy. (2018) 73:602–14. doi: 10.1111/all.13312

 42. Ejima A, Abe S, Shimba A, Sato S, Uehata T, Tani-ichi S, et al. Androgens alleviate 
allergic airway inflammation by suppressing cytokine production in Th2 cells. J 
Immunol. (2022) 209:1083–94. doi: 10.4049/jimmunol.2200294

 43. Gandhi VD, Cephus JY, Norlander AE, Chowdhury NU, Zhang J, Ceneviva ZJ, 
et al. Androgen receptor signaling promotes Treg suppressive function during allergic 
airway inflammation. J Clin Invest. (2022) 132:e153397. doi: 10.1172/JCI153397

https://doi.org/10.3389/fnut.2025.1544889
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1146/annurev-food-032519-051827
https://doi.org/10.3389/fimmu.2022.911951
https://doi.org/10.1016/j.cld.2012.08.002
https://doi.org/10.1189/jlb.4RU1016-450R
https://doi.org/10.1111/j.1530-0277.2010.01321.x
https://doi.org/10.1189/jlb.0311114
https://doi.org/10.1080/19490976.2021.1916278
https://doi.org/10.1177/039463201202500311
https://doi.org/10.1002/hep.26334
https://doi.org/10.1111/j.1530-0277.2001.tb02188.x
https://doi.org/10.1007/s12016-017-8661-0
https://doi.org/10.1111/all.13312
https://doi.org/10.4049/jimmunol.2200294
https://doi.org/10.1172/JCI153397

	Association between alcohol consumption and allergic rhinitis in US adults
	1 Introduction
	2 Methods
	2.1 Database and study subjects
	2.2 Alcohol use
	2.3 Assessment of AR
	2.4 Covariates of interest
	2.5 Statistical analysis

	3 Results
	3.1 Baseline characteristics
	3.2 Association between alcohol use and AR

	4 Discussion

	References

