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Association between vaccination,
viral antibodies, and asthma
prevalence in the U.S.: insights
from NHANES (1999-2020)

Zonghui Yang"”, Jia Guo', Manman Cheng®*, Youwen Zhang’,
Zhi Chen?, Jie Wen® and Fenglian Shan®*

'Clinical Medical College, Jining Medical University, Jining, China, ?Department of Pulmonary and
Critical Care Medicine, Affiliated Hospital of Jining Medical University, Jining, China

Objective: This investigation aimed to explore the differences in asthma
prevalence among various demographic groups in the U.S. focusing on
factors related to vaccination and viral antibodies.

Methods: The study analyzed data from 37,445 individuals collected through the
National Health and Nutrition Examination Survey between 1998 and 2020.
Employing weighted sampling methods, the analysis considered the
stratification and clustering typical of the survey's design. It particularly
examined how age, race, income, smoke, education, and gender factors
influence both the prevalence and severity of asthma.

Results: This study aims to elucidate disparities in asthma prevalence across the
U.S. population by examining the roles of demographic characteristics and
factors related to vaccination and viral antibodies. It revealed a significant
correlation between asthma prevalence and patient demographics, including
age, gender, income, smoke, education, and race. We found that asthma
patients were mostly found in participants with lower economic level (2.7 vs.
2.87). Non-Hispanic black women age exhibited a higher likelihood of asthma,
at 17.7%, compared to non-Hispanic whites and Mexican Americans. Asthma
prevalence peaks between the ages of 20 and 30 and has shown a rising
trend over the years. Regarding vaccinations, hepatitis A, hepatitis B,
pneumococcal, and HPV vaccines were associated with an increased risk of
asthma. Conversely, patients testing positive for hepatitis A virus and core
hepatitis B virus antibodies demonstrated a lower prevalence of asthma.
Additionally, asthmatic patients showed lower average measles virus and
rubella antibodies levels, at 0.53 and 3.32, respectively, compared to non-
asthmatic individuals. Notably, asthma incidence was lower in herpesvirus |-
positive patients (OR: 0.895, Cl, 0.809%-0.991%), while herpesvirus |l-positive
patients displayed a higher incidence of asthma (OR: 1.102, Cl, 0.974%-1.246%).
Conclusion: The study findings underscore the significant prevalence of asthma
and its correlation with population demographics, vaccination rates, and serum
viral antibodies. These results highlight the importance of implementing tailored
public health interventions.
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Asthma, a chronic lung disease, has experienced an increase in
global prevalence over recent decades (I, 2). There are notable
geographic and ethnic variations in the prevalence, severity, and
mortality rates associated with asthma. High-income countries
report higher asthma prevalence, yet most asthma-related deaths
occur in low- and middle-income countries (3-5). The hygiene
hypothesis posits that the increase in persistent asthma cases
might be linked to enhancements in public health and hygiene
(6), suggesting that early infections could confer protection by
T helper 1 (TH1)

immunophenotype over the TH2 immunophenotype, which

fostering the development of the

could elevate the risk of atopy (7, 8). Immunization might
contribute to allergic diseases either by reducing exposure to
infections that could otherwise offer natural immune system
training or through direct immune-modulatory effects. The
literature provides mixed evidence on the association between
increased vaccination rates and the risk of atopic diseases such as
asthma. Studies by Hurwitz, Morgenstern, and Yoneyama et al.
support a correlation between DTP vaccination and increased
atopic diseases (9, 10), while studies by Anderson and Wickens
et al. report contrasting findings (11, 12). Vaccinations are
pivotal in reducing morbidity and mortality from infectious
). Global

health challenges such as viral infections including hepatitis

diseases, necessitating further research in this field (

A and B, herpes, and rubella have profound public health
implications (14). These infections can exert systemic effects that
extend beyond the initial site of infection, affecting various organ
systems such as lymphatic, integumentary, renal, nervous,
endocrine, cardiovascular, and respiratory systems (15-17).
Several biological mechanisms have been hypothesized to explain
how viral infections can influence lung health either directly or
indirectly. Studies have linked viral infections to respiratory
conditions such as interstitial lung disease, asthma, and COPD,
underscoring the significant impact these viruses have on lung
function (18-21). Despite the ongoing challenges in managing
viral infections globally, the existing literature on the interplay
between viral infections and respiratory conditions like COPD
and asthma is still limited. While preliminary data suggest a
potential link between vaccination, changes in viral antibodies,
and the risk of asthma, further detailed research is essential. This
study leverages individual-level data from the National Health
and Nutrition Examination Survey (NHANES) to explore the
possible association between viral antibodies and asthma risk,
with an emphasis on ethnic variations.

This cross-sectional study utilized data from the National
Health and Nutrition Examination Survey (NHANES) database,
spanning from 1999-2020. NHANES is a collaborative initiative
between the National Center for Health Statistics (NCHS) and
the Centers for Disease Control and Prevention (CDC), designed
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the nutritional and health of the non-

institutionalized U.S. population. NHANES employs a complex,

to assess status
multistage probability sampling design to collect nationally
representative health-related data through interviews, mobile
physical examinations, and laboratory tests. The program has
been approved by the NCHS Research Ethics Review Board, and
participation in the survey is contingent upon informed consent
from all individuals involved. The data collection continued up
to the onset of the COVID-19 pandemic in 2020. The 2019-2020
NHANES cycle was particularly impacted by the COVID-19
pandemic, leading to incomplete data collection that did not
represent the national population adequately. Data from the
2017-2018 cycle were merged into the 2017-2020 NHANES
cycle to create a comprehensive dataset for these years. Further
details are accessible on the CDC website and other relevant
After
excluding participants who lacked asthma information or did not

sources [ ].

participate in reproductive health questionnaires, the dataset
included 102,777 participants ( ).

The National Health and Nutrition Examination Survey
(NHANES), approved by the Institutional Review Board (IRB) of
the National Center for Health Statistics (NCHS), utilizes de-
identified and publicly available data. Given this nature, ethical
approval was not required. The study extracted data on
vaccination status, serum viral antibody levels, and general
clinical characteristics from patients with doctor-diagnosed
asthma in NHANES, excluding any missing values. NHANES
includes a section that captures individuals’ self-reported health
status, focusing on medical conditions (22). Asthma diagnosis
confirmation relies on responses to two key questions: “Has a
doctor or other health professional ever diagnosed you with
These
interviewers at participants’ homes using a Computer-Assisted
), which includes built-
in validation checks to ensure data accuracy and consistency. The

asthma?” queries were administered by trained

Personal Interviewing (CAPI) system (

vaccination and serum virus antibody questionnaire covers
hepatitis A virus, hepatitis B virus, pneumococcal, and HPV
vaccines. The serum antibodies assessed include hepatitis A,
hepatitis B surface, hepatitis B core, herpes virus, HPV, HPV,
measles, and rubella antibodies.

Weighted samples were employed in all analyses to account for
stratification and clustering, thus providing estimates representative
of the entire U.S. population. To encompass a 22-year period, a
variable weight sample was constructed by aggregating one-fifth
of each individual’s biennial weight from 1999-2020. RStudio,
version 2022.07.0, running on a Windows platform (RStudio,
PBC), in conjunction with R, version 4.2.1 (R Foundation for
Statistical Computing), facilitated all statistical analyses. Initial
frequency distributions and asthma prevalence were calculated
different
backgrounds without adjustment, following the standard age

across age groups, genders, income and racial

categorizations of detailed NHANES studies. Linear regression

analyses comparing age-adjusted, gender-adjusted body
measurements incorporated age as a continuous variable. Logistic
regression models, adjusted for age, gender, education, income,

smoke, and gender, assessed the impact of vaccination and serum
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Total number of participants in the
follow-up from NHANES 1999-2020
(n=107622)
Participants who did not
> participate in asthma or had
missing data (n=4725)
Participants who participated in asthma with
complete data
(n=102897)
Participants who
participate in the asthma
»>| questionnaire but answered
v refuse or don't know
(n=120)
Participants who participated in asthma
and answered yes or no
(n=102777)
FIGURE 1
Flow diagram of participants inclusion for study.

virus antibody use on asthma. Although complex models that
included interactions between gender and race, as well as age and
race (treated as a continuous variable) across various age groups
were explored, these models did not significantly enhance the
model’s predictive capability.

The study included a total of 37,445 participants from the
NHANES dataset, representing approximately the U.S. residents.
The analysis revealed a consistent and gradual increase in asthma
prevalence over the course of the past decade. This trend was
observed across different racial, gender, and age groups ( ).

3.1 Demographic characteristics

A total of 102,777 individuals participated in this study to
determine the prevalence of asthma, of which 14,770 were
diagnosed with asthma, representing 14.5% (CI, 14.1%-14.9%) of
the total sample. The study highlighted variations in asthma
prevalence across different demographic factors, such as age, gender,
income, education, and race ( R

, 515). Data spanning 22 years were utilized to estimate
the asthma prevalence in the U.S. population. The analysis indicated
that asthma prevalence was 17.7% (CI, 16.9%-18.4%) among Non-
Hispanic black subjects, 14.6% (CI, 14.0%-15.1%) among Non-
Hispanic white subjects, and 9.52% (CI, 8.86%-10.2%) among
Mexican-American subjects. Among racial groups, Non-Hispanic
black individuals exhibited a higher likelihood of having asthma,
with Non-Hispanic black women showing a slightly higher
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prevalence than Non-Hispanic black men (17.7% vs. 17.6%).
Conversely, Non-Hispanic ~white and Mexican-American
individuals reported lower rates, with Mexican-American men
having the lowest prevalence at 9.17%, followed by Mexican-
American women at 9.9%. The prevalence rates among Non-
Hispanic white men and women were 132% and 15.8%,
respectively. From 1999-2000-2020, the prevalence of asthma
increased from 13.1%-15.3%, with rising incidence rates among
various ethnic groups. Notably, asthma incidence does not correlate
with age, as most cases occur in individuals under 50 years old, with
the highest rates observed in the 20-25 age group (16%, CI, 16%-
17%) and the 26-30 age group (16%, CI, 15%-18%). Non-smokers
made up the majority of the participants (50.06%), and in the
comparison of economic income, it was found that asthma patients
were mostly found in participants with lower economic level (2.7 vs.
2.87). In comparisons of educational attainment, those with higher
levels of education were less likely to have asthma. Across all age,
education, gender and economic income categories, Non-Hispanic
black participants were more likely to have asthma compared to
Non-Hispanic white and Mexican participants, with Non-Hispanic
white participants more likely than Mexican participants
( ). The prevalence rate of asthma
among Non-Hispanic black individuals significantly exceeded that
of other races (P<0.001, OR: 2.036, CI, 1.858%-2.231%), with a
notable interaction observed between race and gender and income
(P <0.001, OR: 2.098, CI, 1.909%-2.306%).

3.2 Vaccine

In our study, we compared the use of the hepatitis A virus
vaccine, adjusted for age, race, income, smoke, education, and
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The trend of asthma incidence from 1999-2020 by age groups and year.
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Distribution of the percentage of male and female with asthma. (a) Percentage of Males with asthma from 3 ethnic groups. (b) Percentage of Males

with asthma from 3 ethnic groups. (c) Last menstrual period age in persons with asthma from 3 ethnic groups. (The Mexican in the figure represents
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gender, between asthmatic and non-asthmatic individuals among
vaccinated patients (Supplementary  Appendix Table  S3,
Figure 4). For Non-Hispanic blacks, the number of vaccinated
individuals was 7,757, compared to 14,106 unvaccinated; for
Non-Hispanic whites, 8,733 vaccinated vs. 24,266 unvaccinated;
and for Mexican Americans, 7,092 vaccinated against 10,935
unvaccinated. Our findings indicated a higher incidence of
asthma among patients who received the hepatitis A virus
vaccine compared to those unvaccinated. This difference was
statistically significant (P <0.001, OR: 1.178, CI, 1.111%-1.249%),
with elevated rates observed particularly among Non-Hispanic
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white and Mexican participants. Notably, there was a substantial
impact on growth (0.088%, 0.094%). Logistic regression analysis,
adjusting for age, race, income, smoke, education, and gender,
revealed that vaccination was associated with an increased risk of
hepatitis A virus infection compared to non-vaccination
(P<0.01, OR: 1.132, CI, 1.041%-1.231%). Additionally,
individuals who received two doses of the hepatitis A virus
vaccine exhibited a higher incidence rate (P <0.05, OR: 1.285, CI,
1.043%-1.583%) compared to those who received only one dose,
particularly among Non-Hispanic black and Mexican populations
(Supplementary Appendix Tables S4, S16, Figure 4).

frontiersin.org
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We conducted a comparison of asthma rates between
participants vaccinated against hepatitis B virus and those who
were not ( ) ). For
Non-Hispanic blacks, the number of vaccinated individuals was
12,321 compared to 956 non-vaccinated individuals; for Non-
Hispanic whites, the figures were 16,217 vaccinated vs. 18,531
10,937 were

vaccinated compared to 7,970 non-vaccinated. After analyzing

non-vaccinated; and for Mexican Americans,

the data for heterogeneity, we found a statistically significant

difference in the overall average percentage of asthma incidence
between the vaccinated and non-vaccinated groups (P <0.001,
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OR: 1.145, CI, 1.063%-1.233%).
relationship was found between asthma incidence and the dosage
of the hepatitis B virus (P> 0.05, OR: 1.193, CI, 0.970%-1.468%)

( » S16, )
The study involved 14,954 participants who were surveyed

However, no significant

regarding pneumococcal vaccination status (

) ) ). Among these participants,
373 Non-Hispanic black individuals had received the vaccine,
while 2,439 had not; 2,148 Non-Hispanic white individuals were
vaccinated, compared to 5,444 who were not; and 345 Mexican

individuals had received the vaccine, with 2,982 remaining

05
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unvaccinated. After adjusting for age, race, income, smoke,
education, and gender, the analysis revealed that individuals who
received the pneumococcal vaccine exhibited a 0.78% higher
incidence of asthma compared to those who did not receive the
vaccine (P<0.001, OR: 2.132, CI, 1.656%-2.744%). This increase
was more pronounced in Non-Hispanic white individuals, with
an incidence increase of 0.94%, compared to 0.62% in Non-
Hispanic blacks, and 0.82% in Mexicans.

In our final analysis, we assessed the presence of HPV
vaccination within the dataset (

R ). It was found that 1,268 Non-Hispanic
blacks, 1,462 Non-Hispanic whites, and 815 Mexicans had
received the HPV vaccine. In contrast, 6,011 Non-Hispanic
blacks, 8,576 Non-Hispanic whites, and 4,230 Mexicans had not
been vaccinated against HPV. Significant differences in asthma
prevalence were observed between those vaccinated for HPV and
those who were not (P<0.001, OR: 1.577, CI, 1.418%-1.755%).
The analysis stratified by race indicated that HPV vaccination
significantly impacted the increase in asthma rates among Non-
Hispanic white, Non-Hispanic black, and Mexican participants,
with increases ranging from 0.28%-0.29%. After adjusting for
confounding factors, the average incidence of receiving the HPV
vaccine was higher among vaccinated respondents compared to
unvaccinated individuals (P<0.001, OR: 1.329, CI, 1.346%-
1.600%). However, no significant relationship was found between
asthma incidence and the dosage of the HPV vaccine (P> 0.05,
OR: 0.916, CI, 0.648%-1.278%).

3.3 Virus serum antibodies

In our study of patients with viral antibodies, we compared
populations with hepatitis A antibodies, adjusted for age, race,
income, smoke, education, and gender, between asthmatic and
non-asthmatic participants ( ,

s ). The data showed that the numbers of hepatitis
A virus positive and negative individuals were 8,383 and 11,082
for Non-Hispanic blacks, 10,430 and 20,998 for Non-Hispanic
13,301 and 4,504 for
respectively. Our analysis indicated a significant association

whites, and Mexican Americans,
between hepatitis A antibody negativity and an increased
percentage of asthma cases among participants of Mexican
descent, with a 0.51% increase observed in the racial breakdown.
Additionally, in a separate logistic regression analysis that
controlled for age group, race, and hepatitis A virus vaccination
status, we found that individuals negative for hepatitis A virus
antibodies had a higher incidence rate of asthma compared to
those who were antibody positive (P<0.001, OR: 0.864, CI,
0.797%-0.937%).

Next, we assessed the prevalence of asthma among individuals
with positive and negative tests for hepatitis B virus antibodies
( , R ). For
hepatitis B surface antibodies, among Non-Hispanic blacks, 7,380
tested positive and 12,074 tested negative; among Non-Hispanic
whites, 8,198 tested positive and 23,277 tested negative; and
among Mexican Americans, 5,844 tested positive and 11,853
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tested negative. For hepatitis B core antibodies, the numbers were
1,535 positive and 16,490 negative for Non-Hispanic blacks, 801
positive and 29,085 negative for Non-Hispanic whites, and 309
15,991
A heterogeneity analysis revealed that among Non-Hispanic

positive  and negative for Mexican Americans.
blacks, individuals with positive tests for both hepatitis B surface
and core antibodies exhibited a lower incidence of asthma
compared to those testing negative. In the adjusted analysis, only
the presence of core antibodies was associated with a reduced
incidence of asthma (P < 0.05, OR: 0.866, CI, 0.749%-1.001%);
surface antibodies did not show a statistically significant
difference (P >0.05, OR: 0.802, CI, 0.443%-1.451%).
The questionnaire data on herpes virus exposure showed
distinct patterns among participants (
) ). For herpes virus 1, there were 4,468 Non-
Hispanic black individuals who tested positive and 3,126 who
tested negative; 5,527 Non-Hispanic white individuals tested
and 5,709 Mexican

Americans tested positive compared to 2,099 who tested negative.

positive while 6,488 tested negative;

For herpes virus 2, there were 2,175 Non-Hispanic black
individuals testing positive and 3,401 testing negative; 1,371 Non-
Hispanic white individuals tested positive, against 8,750 testing
negative; and 664 Mexican Americans tested positive while 5,031
tested negative. Analysis indicated that herpes virus 1-positive
patients exhibited a lower incidence of asthma (P<0.05, OR:
0.895, CI, 0.809%-0.991%), whereas herpes virus 2-positive
patients had a higher incidence of asthma (P <0.05, OR: 1.102,
CIL, 0.974%-1.246%). Racial analysis further revealed that the
impact of herpes virus 1 positivity on asthma was more
significant among Non-Hispanic black and Mexican populations,
while herpes virus 2 positivity had a greater impact only among
Non-Hispanic black individuals (

» S13).

In this study, measles, rubella, and varicella virus antibodies,
adjusted for age, genderraceincme,;smoke and education were
compared between asthmatic and non-asthmatic
( , 16,
included 1,125 Non-Hispanic black participants with asthma and

patients
). The sample

4,795 without; 1,220 Non-Hispanic white participants with
asthma and 6,900 without;
participants with asthma and 6,080 without. On average, measles

and 643 Mexican American

virus antibodies and rubella antibodies were found to be lower in
asthmatic patients compared to their non-asthmatic counterparts,
with average levels of 0.53 and 3.32, respectively ( ).
Moreover, asthma was associated with a more pronounced
decrease in varicella antibodies among Mexican subjects (7.67)
than among Non-Hispanic white subjects (1.94).

4.1 Demographic disparities in asthma
prevalence

the
prevalence of asthma, with factors varying based on race,

Demographic  characteristics ~ significantly influence
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nationality, and social determinants such as cultural backgrounds,
ethnicities, and living areas (24). Data from the Centers for Disease
Control and Prevention reveal that in the United States, certain
racial and ethnic groups, such as Black individuals, have a higher
likelihood of asthma diagnosis compared to White and Mexican
Americans, which aligns with our findings (25-27). During the
COVID-19 pandemic, White, Black, and Latino populations face
an increased risk for asthma due to factors including viral
infections, income, education, occupation, housing, food security,
and social support (28, 29). Our analysis addresses previous data
that

prevalence varies by gender and age. Specifically, our study

limitations and extends the understanding asthma
shows a higher incidence of asthma among young women,
particularly in the 20-30 age group, consistent with international
research (30). These age-related differences in asthma prevalence
are consistent across different ethnic groups. Age emerges as a
key determinant in asthma incidence. Our analysis highlights
that young non-Hispanic Black women have the highest
prevalence of asthma, corroborating similar findings in other
studies. And by comparing participants’ incomes, we found that
asthma prevalence was higher among participants with lower
incomes and education. In the study of smokers, it is noteworthy
that our findings indicated a predominance of non-smokers
asthmatic and non-asthmatic

among  both participants.

International research has established that smoking is a
for the
respiratory diseases, including lung cancer, chronic obstructive

pulmonary disease (COPD), and bronchial asthma. Furthermore,

significant risk factor development of prevalent

smoking may influence the recruitment and activation of various
immune cells, such as macrophages, dendritic cells, mast cells,
natural killer cells, T lymphocytes, and B lymphocytes in patients
(31). This observation may be correlated with the substantial
proportion of non-smokers within our participant group.
However, the underlying reasons for these differences warrant
further investigation. This population-based analysis underscores
the significant genetic influences on asthma and reinforces the
consistent and robust differences observed across age, race,

education, income, and gender (32-35). This may be the result
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of socio-economic differences between racial groups, as race is a
complex structure of genetic, environmental and social factors,
and historical practices such as redlining in the United States
have categorized communities with high concentrations of blacks
and other racial minorities as less economically desirable, and
blacks and Hispanics are likely to use fewer health care services
). And individuals
with higher educational attainment are likely to manage their

and medications compared to white (36,

asthma medications more effectively, resulting in superior asthma
control compared to their less educated counterparts. Conversely,
those with lower levels of education may struggle to achieve
optimal asthma control. However, based on the current analyses,
we are unable to definitively ascertain which specific aspects of
educational attainment are most critical in their relationship with
asthma control.

4.2 Association and potential biological
mechanisms between inoculation, viral
antibodies and asthma

In a detailed analysis of individual-level data from the US
population, researchers identified a correlation between widespread
vaccination and an increased risk of asthma, potentially linked to
immune system alterations. Specifically, individuals vaccinated
against hepatitis A, hepatitis B, pneumococcal disease, and HPV
). This
association may be due to disruptions in the balance of serum

showed a higher likelihood of developing asthma (38,

antibodies in individuals with asthma, resulting in local and
systemic eosinophilia, elevated levels of total and allergen-specific
and Th2-mediated lung
inflammation. The effectiveness of vaccinations in the asthmatic
population continues to be debated. A study by Marshall et al.
indicated that patients with atopic asthma had higher secretion

serum IgE and IgG4 antibodies,

levels of IL4 and IL5 post-vaccination, cytokines critically involved
in asthma pathogenesis (40). Vaccination may potentially stimulates
IL-1 cytokine production in human immune cells (41), which in
turn triggers the release of various proinflammatory cytokines such
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as IL-6 and enhances antigen-driven responses by CD4 and CD8T
This heightened
individuals may elevate the risk of developing asthma (42, 43).

cells. inflammatory response in sensitized

Our research indicated a lower prevalence of asthma among
individuals who tested positive for serum hepatitis A virus and
core hepatitis B virus antibodies, consistent with several
international studies. A study in Turkey showed that children
with hepatitis A IgG antibodies had a reduced risk of atopy,
specific IgE positivity, and allergic conditions such as allergic
rhinitis and asthma. This association appeared influenced by
factors including age, paternal education level, and the presence
of older siblings, rather than mere quantity (44). The underlying
mechanism may be related to unique gene variants of TIM-1, the
human cell surface receptor for HAV, which could inhibit Th2
differentiation through binding to TIM-1 (45,

hepatitis B infection, CD8T cells producing interferon gamma

). Regarding

and tumor necrosis factor (TNF)-o may influence regulatory
T lymphocytes, altering the Th1l/Th2 balance. Research on
results;
I-positive patients exhibited a lower incidence of asthma, while

herpesviruses has shown contrasting herpesvirus
herpesvirus II-positive patients displayed a higher prevalence of
asthma. This discrepancy could be linked to the effects of
infection on cytokine balance, but it still requires further
investigation. While limited global research has addressed the
relationship between HSV and allergic diseases, existing studies
offer conflicting outcomes. Some researchers suggest that HSV
may protect against allergic conditions, whereas others propose it
exacerbates them (47, ). Various studies have presented
differing views on the relationship between HSV and atopy, but
they collectively affirm an association between HSV-1 infection
and atopy, aligning with our findings. A retrospective study
suggested a potential negative impact of asthma on the rapid
decline of measles antibodies. However, there is minimal research
on the correlation between rubella virus antibodies and asthma
(49). Our findings show that mean levels of measles and rubella
virus antibodies are lower in asthmatic patients compared to
non-asthmatic individuals. The underlying mechanisms remain
unclear and could involve factors such as variations in plasma
cell lifespan and humoral immunity duration. In summary, there
may be a plausible link between asthma, vaccination, and viral
antibody levels, representing a potentially significant but
overlooked immunological aspect of asthma. Further research is

needed to explore this potential association more deeply.

4.3 Study limitations and future research
directions

Asthma is a heterogeneous disease influenced by a combination
of immune, genetic, and environmental factors, involving various cell
types. It is closely related to environmental conditions, lifestyle
choices, dietary patterns, and numerous other factors. International
studies have demonstrated that living near highways, industrial
areas, or rivers, sharing bedrooms, cooking with gas, having furry
pets, and exposure to airborne pollutants may potentially trigger or

exacerbate asthma (50, 51). Residents in areas with high levels of
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environmental pollution may experience increased health issues,
leading to strained healthcare resources and insufficient health
awareness, which may, in turn, affect vaccination rates.
Additionally, unhealthy diets, characterized by high sugar and high
fat, can result in a reduced intake of antioxidants, thereby
increasing the risk of respiratory inflammation (52). These
confounding factors may interact with one another, further
heightening the risk of asthma. But this study was based on cross-
sectional data from NHANES, it was not possible to fully
incorporate these confounding factors and given the possible time-
lagged effects between vaccination and asthma development and
data limitations, causality was not established, but rather potential
associations that require further prospective study were identified.
Future prospective cohort studies should assess these factors and
their interrelationships in more detail.

Our research has several strengths. Firstly, it encompasses 22
years of national survey data from 1999-2020, providing a
substantial dataset. Secondly, our study offers temporal continuity
over a long duration, a feature lacking in many international
studies. Additionally, we focused on analyzing the relationship
between asthma and vaccine and viral antibodies across different
ethnic groups, a topic with limited international research, which
mostly centers on non-Hispanic Blacks and non-Hispanic Whites.
However, our study has limitations. Firstly, we concentrated on
and did not
complications. Secondly, we examined asthma data as a whole

asthma  prevalence delve into associated

without disaggregating between specific asthma types. Moreover,
in the NHANES
database led us to focus solely on adult women from three major

limitations in racial information collection
American racial groups, potentially excluding valuable insights
from other racial groups such as Asian Americans. Additionally,
our data is derived from a public database, the impact of the
COVID-19 pandemic on NHANES data collection from 2019-
2020 may have introduced potential biases due to incomplete data
collection. To address these limitations, a well-designed prospective

cohort trial is necessary to validate our findings.

In this cross-sectional study, significant and consistent
associations were identified between asthma occurrence and age,
gender, income, smoke, education, and race among adult in the
United States from 1999-2020. Factors such as vaccination and
serum virus antibody were found to potentially increase the risk
of asthma. Further research is needed to fully understand the
causal relationship between vaccination and serum virus antibody
factors and asthma in American adult.

Publicly available datasets were analyzed in this study. This data
can be found here:


https://www.cdc.gov/nchs/nhanes/index.htm
https://doi.org/10.3389/falgy.2025.1456934
https://www.frontiersin.org/journals/allergy
https://www.frontiersin.org/

Yang et al.

The studies involving humans were approved by The National
Center for Health Statistics (NCHS) Research Ethics Review Board.
The studies were conducted in accordance with the local legislation
and institutional requirements. The participants provided their
written informed consent to participate in this study.

Data
Investigation, Methodology, Project administration, Resources,

ZY: Conceptualization, curation, Formal analysis,

Software, Validation, Visualization, Writing - original draft,
Writing - review & editing. JG: Formal analysis, Investigation,
Methodology, Project administration, Software, Writing — original
draft, Writing - review & editing. MC: Conceptualization, Formal
analysis, Project administration,  Resources, Supervision,
Visualization, Writing - review & editing. YZ: Data curation,
Formal analysis, Investigation, Supervision, Writing - review &
editing. ZC: Investigation, Project administration, Supervision,
Writing - review & editing. JW: Formal analysis, Methodology,
Supervision, Writing - review & editing. FS: Formal analysis,
Funding Resources, Visualization,

acquisition, Supervision,

Writing - review & editing.

The author(s) declare that financial support was received for
the research and/or publication of this article. This research was
supported by Research Fund for Lin He’s Academician
Workstation of New Medicine and Clinical Translation in Jining

1. Chakaya J, Ait-Khaled N. Global Asthma Report 2022: a wake-up call to enhance
care and treatment for asthma globally. Int ] Tuberc Lung Dis. (2022) 26
(11):999-1000:. doi: 10.5588/ijtld.22.0483

2. Ferkol T, Schraufnagel D. The global burden of respiratory disease. Ann Am
Thorac Soc. (2014) 11:404-6. doi: 10.1513/AnnalsATS.201311-405PS

3. Song P, Adeloye D, Salim H, Dos Santos JP, Campbell H, Sheikh A, et al. Global,
regional, and national prevalence of asthma in 2019: a systematic analysis and
modelling study. J Glob Health. (2022) 12:04052. doi: 10.7189/jogh.12.04052

4. Cao Y, Chen S, Chen X, Zou W, Liu Z, Wu Y, et al. Global trends in the incidence
and mortality of asthma from 1990-2019: an age-period-cohort analysis using the
global burden of disease study 2019. Front Public Health. (2022) 10:1036674.
doi: 10.3389/fpubh.2022.1036674

5. Kenyon N, Zeki AA, Albertson TE, Louie S. Definition of critical asthma
syndromes. Clin Rev Allergy Immunol. (2015) 48:1-6. doi: 10.1007/s12016-013-8395-6

6. Ege MJ, Mayer M, Normand AC, Genuneit ], Cookson WO, Braun-Fahrlinder C,
et al. Exposure to environmental microorganisms and childhood asthma. N Engl J
Med. (2011) 364:701-9. doi: 10.1056/NEJMo0al007302

7. Sarate PJ, Srutkova D, Geissler N, Schwarzer M, Schabussova I, Inic-Kanada A,
et al. Pre- and neonatal imprinting on immunological homeostasis and epithelial
barrier integrity by escherichia coli Nissle 1917 prevents allergic poly-sensitization
in mice. Front Immunol. (2020) 11:612775. doi: 10.3389/fimmu.2020.612775

8. Sheikh AA, Groom JR. Transcription tipping points for T follicular helper cell
and T-helper 1 cell fate commitment. Cell Mol Immunol. (2021) 18(1):528-38.
doi: 10.1038/s41423-020-00554-y

Frontiers in

10

10.3389/falgy.2025.1456934

Medical University (Grant No. YHL2019FMSO01), Jining City Key
R&D Programme (Grant No. 2021YXNS066).

The authors appreciates the efforts given by participants in the
NHANES project.

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.

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.

The Supplementary Material for this article can be found
online at:

9. de Marco R, Locatelli F, Sunyer J, Burney P. Differences in incidence of
reported asthma related to age in men and women. A retrospective analysis of the
data of the European respiratory health survey. Am J Respir Crit Care Med. (2000)
162(1):68-74. doi: 10.1164/ajrccm.162.1.9907008

10. Hurwitz EL, Morgenstern H. Effects of diphtheria-tetanus-pertussis or tetanus
vaccination on allergies and allergy-related respiratory symptoms among children
and adolescents in the United States. ] Manipulative Physiol Ther. (2000) 23:81-90.
doi: 10.1016/S0161-4754(00)90072-1

11. Wickens K, Crane J, Kemp T, Lewis S, D’Souza W, Sawyer G, et al. A case-
control study of risk factors for asthma in New Zealand children. Aust N Z J Public
Health. (2001) 25:44-9. doi: 10.1111/j.1467-842X.2001.tb00549.x

12. Anderson HR, Poloniecki JD, Strachan DP, Beasley R, Bjorkstén B, Asher MI.
Immunization and symptoms of atopic disease in children: results from the
international study of asthma and allergies in childhood. Am ] Public Health.
(2001) 91:1126-9. doi: 10.2105/AJPH.91.7.1126

13. Koppaka R. Ten great public health achievements—worldwide, 2001-2010.
MMWR Morb Mortal Wkly Rep. (2011) 60(24):814-8. Available at: http://
europepmc.org/abstract/ MED/21697806

14. Baker RE, Mahmud AS, Miller IF, Rajeev M, Rasambainarivo F, Rice BL, et al.
Infectious disease in an era of global change. Nat Rev Microbiol. (2022) 20(4):193-205.
doi: 10.1038/s41579-021-00639-2

15. Hsu YC, Huang DQ, Nguyen MH. Global burden of hepatitis B virus: current
status, missed opportunities and a call for action. Nat Rev Gastroenterol Hepatol.
(2023) 20(8):524-37. doi: 10.1038/s41575-023-00760-9


https://www.frontiersin.org/articles/10.3389/falgy.2025.1456934/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/falgy.2025.1456934/full#supplementary-material
https://doi.org/10.5588/ijtld.22.0483
https://doi.org/10.1513/AnnalsATS.201311-405PS
https://doi.org/10.7189/jogh.12.04052
https://doi.org/10.3389/fpubh.2022.1036674
https://doi.org/10.1007/s12016-013-8395-6
https://doi.org/10.1056/NEJMoa1007302
https://doi.org/10.3389/fimmu.2020.612775
https://doi.org/10.1038/s41423-020-00554-y
https://doi.org/10.1164/ajrccm.162.1.9907008
https://doi.org/10.1016/S0161-4754(00)90072-1
https://doi.org/10.1111/j.1467-842X.2001.tb00549.x
https://doi.org/10.2105/AJPH.91.7.1126
http://europepmc.org/abstract/MED/21697806
http://europepmc.org/abstract/MED/21697806
https://doi.org/10.1038/s41579-021-00639-z
https://doi.org/10.1038/s41575-023-00760-9
https://doi.org/10.3389/falgy.2025.1456934
https://www.frontiersin.org/journals/allergy
https://www.frontiersin.org/

Yang et al.

16. Wouk J, Rechenchoski DZ, Rodrigues BCD, Ribelato EV, Faccin-Galhardi LC.
Viral infections and their relationship to neurological disorders. Arch Virol. (2021)
166:733-53. doi: 10.1007/s00705-021-04959-6

17. Beckingham IJ, Krige JE. ABC of diseases of liver, pancreas, and biliary system.
Br Med J. (2001) 322:477-80. doi: 10.1136/bm;j.322.7284.477

18. Vannella KM, Moore BB. Viruses as co-factors for the initiation or exacerbation
of lung fibrosis. Fibrogenesis Tissue Repair. (2008) 1:1-11. doi: 10.1186/1755-1536-1-2

19. Casanova JL, Abel L. Mechanisms of viral inflammation and disease in humans.
Science. (2021) 374:1080-6. doi: 10.1126/science.abj7965

20. Vergnon JM, Vincent M, de Thé G, Mornex JF, Weynants P, Brune J.
Cryptogenic fibrosing alveolitis and Epstein-Barr virus: an association? Lancet.
(1984) 2(8406):768-71. doi: 10.1016/s0140-6736(84)90702-5

21. Kuwano K, Nomoto Y, Kunitake R, Hagimoto N, Matsuba T, Nakanishi Y, et al.
Detection of adenovirus E1A DNA in pulmonary fibrosis using nested
polymerase chain reaction. Eur Respir J. (1997) 10:1445-9. doi: 10.1183/09031936.
97.10071445

22. Bailey RA, Wang Y, Zhu V, Rupnow MF. Chronic kidney disease in US adults
with type 2 diabetes: an updated national estimate of prevalence based on kidney
disease: improving global outcomes (KDIGO) staging. BMC Res Notes. (2014)
7:415. doi: 10.1186/1756-0500-7-415

23. Li C, Ford ES, Zhao G, Tsai J, Balluz LS. A comparison of depression
prevalence estimates measured by the patient health questionnaire with two
administration modes: computer-assisted telephone interviewing versus computer-
assisted personal interviewing. Int J Public Health. (2012) 57:225-33. doi: 10.1007/
s00038-011-0253-9

24. Grant T, Croce E, Matsui EC. Asthma and the social determinants of
health. Ann Allergy Asthma Immunol. (2022) 128:5-11. doi: 10.1016/j.anai.2021.
10.002

25. Berrios-Torres SI, Umscheid CA, Bratzler DW, Leas B, Stone EC, Kelz RR, et al.
Centers for disease control and prevention guideline for the prevention of
surgical site infection, 2017. JAMA Surg. (2017) 152:784-91. doi: 10.1001/jamasurg.
2017.0904

26. Pate CA, Zahran HS, Qin X, Johnson C, Hummelman E, Malilay J. Asthma
surveillance—united States, 2006-2018. MMWR Surveill Summ. (2021) 70:1-32.
doi: 10.15585/mmwr.ss7005al

27. Akinbami L], Moorman JE, Bailey C, Zahran HS, King M, Johnson CA, et al.
Trends in asthma prevalence, health care use, and mortality in the United States,
2001-2010. NCHS Data Brief. (2012) 94(94):1-8. Available at: http://europepmc.
org/abstract/ MED/22617340

28. Chen X, He X, Zhang X, Wei Z, Duan H. Quality of life and its influencing factors
on children with asthma in China: a comparative study before and during the COVID-
19 pandemic. J Asthma. (2024) 61:338-47. doi: 10.1080/02770903.2023.2272808

29. Ramirez-Cézares AC, Hernandez-Ruiz YG, Martinez-Longoria CA, Tamez-
Go6mez CE, Medina-Macias O, Trevifio-Montalvo RG. Clinical characteristics of
pediatric patients with confirmed SARS-CoV-2 infection who followed rigorous
measures during two years of the COVID-19 pandemic in a hospital in Mexico.
Front Pediatr. (2023) 11:1150738. doi: 10.3389/fped.2023.1150738

30. Ronnebjerg L, Axelsson M, Kankaanranta H, Backman H, Radinger M, Lundbéck
B, et al. Severe asthma in a general population study: prevalence and clinical
characteristics. J Asthma Allergy. (2021) 14:1105-15. doi: 10.2147/JAA.S327659

31. Fernandez-Benitez M. Smoke and asthma. Allergol Immunopathol. (2011) 39:59.
doi: 10.1016/j.aller.2011.02.002

32. Braman SS. Asthma in the elderly. Clin Geriatr Med. (2017) 33:523-37. doi: 10.
1016/j.cger.2017.06.005

33. Huang H, Hua W, Chen R, Hu Y, Ying S, Chi C, et al. Perspectives and
management of atypical asthma in Chinese specialists and primary care
practitioners-a nationwide questionnaire survey. Front Med. (2021) 8:727381.
doi: 10.3389/fmed.2021.727381

Frontiers in

1

10.3389/falgy.2025.1456934

34, Wheaton AG, Pleasants RA, Croft JB, Ohar JA, Heidari K, Mannino DM, et al.
Gender and asthma-chronic obstructive pulmonary disease overlap syndrome.
J Asthma. (2016) 53:720-31. doi: 10.3109/02770903.2016.1154072

35. Pignataro FS, Bonini M, Forgione A, Melandri S, Usmani OS. Asthma and
gender: the female lung. Pharmacol Res. (2017) 119:384-90. doi: 10.1016/j.phrs.
2017.02.017

36. Perez MF, Coutinho MT. An overview of health disparities in asthma. Yale J Biol
Med. (2021) 94(3):497-507. Available at: https://europepmc.org/articles/PMC84615

37. Trivedi M, Fung V, Kharbanda EO, Larkin EK, Butler MG, Horan K, et al. Racial
disparities in family-provider interactions for pediatric asthma care. J Asthma. (2018)
55:424-9. doi: 10.1080/02770903.2017.1337790

38. Agarwal AK, Shah A. Menstrual-linked asthma. J Asthma. (1997) 34:539-45.
doi: 10.3109/02770909709055398

39. Juniper EF, Kline PA, Roberts RS, Hargreave FE, Daniel EE. Airway
responsiveness to methacholine during the natural menstrual cycle and the effect of
oral contraceptives. Am Rev Respir Dis. (1987) 135(5):1039-42. doi: 10.1164/arrd.
1987.135.5.1039

40. Marshall JD, Wen Y, Abrams JS, Umetsu DT. In vitro synthesis of IL-4 by
human CD4+ T cells requires repeated antigenic stimulation. Cell Immunol. (1993)
152:18-34. doi: 10.1006/cimm.1993.1264

41. Sheehan J, Ardizzone CM, Khanna M, Trauth AJ, Hagensee ME, Ramsay AJ.
Dynamics of serum-neutralizing antibody responses in vaccinees through multiple
doses of the BNT162b2 vaccine. Vaccines (Basel). (2023) 11:1720. doi: 10.3390/
vaccines11111720

42. Tahtinen S, Tong AJ, Himmels P, Oh J, Paler-Martinez A, Kim L, et al. IL-1 and
IL-1ra are key regulators of the inflammatory response to RNA vaccines. Nat
Immunol. (2022) 23:532-42. doi: 10.1038/s41590-022-01160-y

43. Ben-Sasson SZ, Caucheteux S, Crank M, Hu-Li J, Paul WE. IL-1 acts on T cells
to enhance the magnitude of in vivo immune responses. Cytokine. (2011) 56:122-5.
doi: 10.1016/j.cyt0.2011.07.006

44. Kocabas E, Yapicioglu H, Yildizdas D, Giineser Kendirli S, Burgut R. The
prevalence of atopy in children with antibodies against hepatitis A virus and
hepatitis B virus. Turk ] Pediatr. (2006) 48(3):189-96. Available at: http://
europepmc.org/abstract/ MED/17172060

45. Umetsu DT, McIntire JJ, DeKruyff RH. TIM-1, hepatitis A virus and the hygiene
theory of atopy: association of TIM-1 with atopy. ] Pediatr Gastroenterol Nutr. (2005)
40(Suppl 1):543. doi: 10.1097/00005176-200504001-00026

46. McIntire JJ, Umetsu DT, DeKruyff RH. TIM-1, a novel allergy and asthma
susceptibility gene. Springer Semin Immunopathol. (2004) 25:335-48. doi: 10.1007/
500281-003-0141-3

47. Zhang X, Jiang Y, Qian H, Qu X, Han K. The association between herpes
simplex virus type 2 and asthma: a cross-sectional study from national health and
nutrition examination survey 1999-2016. Front Med. (2022) 9:943706. doi: 10.3389/
fmed.2022.943706

48. Igde M, Igde FA, Yazici Z. Herpes simplex type I infection and atopy association
in Turkish children with asthma and allergic rhinitis. Iran J Allergy Asthma Immunol.
(2009) 8(3):149-54. Available at: http://europepmc.org/abstract/ MED/20124606

49. Yoo KH, Jacobson RM, Poland GA, Weaver A, Lee L, Chang T, et al. Asthma
status and waning of measles antibody concentrations after measles immunization.
Pediatr Infect Dis ]. (2014) 33:1016-22. doi: 10.1097/INF.0000000000000375

50. Weiss ST. Environmental tobacco smoke and asthma. Chest. (1993) 104:991-2.
doi: 10.1378/chest.104.4.991

51. Guarnieri M, Balmes JR. Outdoor air pollution and asthma. Lancet. (2014)
383:1581-92. doi: 10.1016/S0140-6736(14)60617-6

52. Garcia-Larsen V, Del Giacco SR, Moreira A, Bonini M, Charles D, Reeves T,
et al. Asthma and dietary intake: an overview of systematic reviews. Allergy. (2016)
71:433-42. doi: 10.1111/all.12800


https://doi.org/10.1007/s00705-021-04959-6
https://doi.org/10.1136/bmj.322.7284.477
https://doi.org/10.1186/1755-1536-1-2
https://doi.org/10.1126/science.abj7965
https://doi.org/10.1016/s0140-6736(84)90702-5
https://doi.org/10.1183/09031936.97.10071445
https://doi.org/10.1183/09031936.97.10071445
https://doi.org/10.1186/1756-0500-7-415
https://doi.org/10.1007/s00038-011-0253-9
https://doi.org/10.1007/s00038-011-0253-9
https://doi.org/10.1016/j.anai.2021.10.002
https://doi.org/10.1016/j.anai.2021.10.002
https://doi.org/10.1001/jamasurg.2017.0904
https://doi.org/10.1001/jamasurg.2017.0904
https://doi.org/10.15585/mmwr.ss7005a1
http://europepmc.org/abstract/MED/22617340
http://europepmc.org/abstract/MED/22617340
https://doi.org/10.1080/02770903.2023.2272808
https://doi.org/10.3389/fped.2023.1150738
https://doi.org/10.2147/JAA.S327659
https://doi.org/10.1016/j.aller.2011.02.002
https://doi.org/10.1016/j.cger.2017.06.005
https://doi.org/10.1016/j.cger.2017.06.005
https://doi.org/10.3389/fmed.2021.727381
https://doi.org/10.3109/02770903.2016.1154072
https://doi.org/10.1016/j.phrs.2017.02.017
https://doi.org/10.1016/j.phrs.2017.02.017
https://europepmc.org/articles/PMC84615
https://doi.org/10.1080/02770903.2017.1337790
https://doi.org/10.3109/02770909709055398
https://doi.org/10.1164/arrd.1987.135.5.1039
https://doi.org/10.1164/arrd.1987.135.5.1039
https://doi.org/10.1006/cimm.1993.1264
https://doi.org/10.3390/vaccines11111720
https://doi.org/10.3390/vaccines11111720
https://doi.org/10.1038/s41590-022-01160-y
https://doi.org/10.1016/j.cyto.2011.07.006
http://europepmc.org/abstract/MED/17172060
http://europepmc.org/abstract/MED/17172060
https://doi.org/10.1097/00005176-200504001-00026
https://doi.org/10.1007/s00281-003-0141-3
https://doi.org/10.1007/s00281-003-0141-3
https://doi.org/10.3389/fmed.2022.943706
https://doi.org/10.3389/fmed.2022.943706
http://europepmc.org/abstract/MED/20124606
https://doi.org/10.1097/INF.0000000000000375
https://doi.org/10.1378/chest.104.4.991
https://doi.org/10.1016/S0140-6736(14)60617-6
https://doi.org/10.1111/all.12800
https://doi.org/10.3389/falgy.2025.1456934
https://www.frontiersin.org/journals/allergy
https://www.frontiersin.org/

	Association between vaccination, viral antibodies, and asthma prevalence in the U.S.: insights from NHANES (1999–2020)
	Introduction
	Materials and methods
	Results
	Demographic characteristics
	Vaccine
	Virus serum antibodies

	Discussion
	Demographic disparities in asthma prevalence
	Association and potential biological mechanisms between inoculation, viral antibodies and asthma
	Study limitations and future research directions

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


