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Objectives: To investigate the relationship between antibiotic exposure and
asthma in adults in the United States.

Methods: Data was obtained from the National Health and Nutrition Examination
Survey (NHANES) conducted between 1999 and 2018. A total of 51,124 participants
were included, excluding those who were aged <20years, female participants who
were pregnant, and individuals who did not complete the prescription medications
questionnaire and the medical conditions questionnaire regarding asthma status.
Antibiotic exposure was defined as the utilization of antibiotics within the past
30days, categorized based on the Multum Lexicon Plus therapeutic classification
system. Asthma was defined as having a history of asthma or having an asthma
attack or wheezing symptoms in the past year.

Results: The risk of asthma was found to be 2.557 (95% Cl: 1.811, 3.612), 1.547
(95% Cl: 1.190, 2.011) and 2.053 (95% Cl: 1.344, 3.137) times greater in participants
who had used macrolide derivatives, penicillin and quinolones in the past 30days,
respectively, compared with those not using antibiotics. After adjusting for
demographic covariates and asthma-related factors, only macrolides derivatives
were significantly associated with asthma in the 20-40 and 40-60 age groups.
For individuals over 60years old, quinolones were significantly associated with
asthma. The effect of different types of antibiotic with asthma varied in male and
female populations. Moreover, higher socioeconomic status, greater BMI, younger
age, smoking habits, history of infection, chronic bronchitis, emphysema, and
family history of asthma were all identified as risk factors for asthma.

Conclusion: Our study indicated that three types of antibiotics were significantly
associated with asthma in different subgroups of the population. Therefore, the
use of antibiotics should be more strictly requlated.

antibiotic exposure, asthma, adult, United States, NHANES
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1. Introduction

Asthma is a common chronic inflammatory disease of the airways.
In 2019, it affected as many as 334 million people worldwide, and it
continues to represent a major economic burden, in terms of both
direct and indirect costs (1); In the United States, nearly 25.1 million
people (7.8% of the population) had asthma in 2019, the associated
mortality rate was 10.7 per million across people of all ages, and this
rate was more than five times higher in adults (>18years) than
children (< 18years) (2). In addition, the prevalence of asthma has
continued to increase during recent years. Therefore, it is important
to understand the causes of asthma.

Previous studies have shown that maternal exposure to antibiotics
during the prenatal period or lactation increases the risk of childhood
asthma (3-6). In addition, in children, early life antibiotic exposure
increases the risk of subsequent asthma. Babies who are administered
various antibiotics within 6 months of birth are at higher risk of
developing various allergic diseases in childhood, including food
allergy, asthma, allergic dermatitis, allergic rhinitis, and conjunctivitis.
Of these, asthma is the most closely associated with the use of
antibiotics, followed by allergic rhinitis. The risk of allergic disease
varies according to the antibiotic being administered; the highest risk
was found to be associated with penicillin use (1.3 times higher) and
the lowest risk with sulfonamide use (1.06 times higher) (7-11). Eight
percent of children who were exposed to antibiotics between 0 and
11 months of age were found to have developed asthma by the age of
7years, and the use of two or more antibiotics was associated with a
4.0% higher absolute risk of asthma. This relationship was found to
be dose-dependent, and broad-spectrum antibiotic use was also
found to be associated with a higher risk of asthma (12, 13). Finally,
a population-based prospective cohort study conducted by Patrick
et al. showed that a reduction in antibiotic use before 1 year of age is
associated with a reduction in the incidence of asthma (14, 15).
However, these previous studies focused on the relationship between
antibiotic use and childhood asthma, and few have characterized the
relationship between antibiotic use and asthma in adulthood.

Therefore, the aim of the study was to assess the relationship
between antibiotic exposure and asthma in adults, using data obtained
from NHANES 1999 to 2018.

2. Materials and methods
2.1. Participants

Data were obtained from the National Health and Nutrition
Examination Survey (NHANES), a cross-sectional survey of a
representative US population, which is led by the American National
Centers for Health Statistics (NCHS) and the Centers for Disease
Control and Prevention (CDC), and has been conducted every 2 years
since 1999 (16). NHANES researchers use a complex multi-stage
sampling design to obtain a representative, non-institutionalized
sample of the population of the United States (17). The survey
comprised face-to-face in-home interviews and physical examinations.
Further details of the survey design and data files were available on
NHANES website (16, 17).

We included participants from 10 survey cycles of NHANES,
between 1999 and 2018, and excluded those who were aged <20 years
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(n=44,342), did not complete the prescription medications
questionnaire (n=109) and the medical conditions questionnaire
regarding asthma status (n = 3). In addition, female participants who
were pregnant (n=1,216) were also excluded. A total of 51,124
individuals were included in the study, with 25,170 (49.23%) being
male and 25,954 (50.77%) being female. The detailed enrolment
procedure is shown in Figure 1.

The protocols of NHANES were approved by NCHS Ethics
Review Board, CDC (18), and written informed consent was obtained
from all participants.

2.2. Definition of antibiotic use

During the in-home interviews, interviewers asked participants if
they had taken any prescription medication during the preceding 30 days
and exactly how they had administered it. If the participant replied in the
affirmative, the interviewer asked them to provide the containers for the
prescription medicines, and the names of the antibiotics, the durations of
their use, and the reasons for each use were recorded. This information
was reported by the participant when the containers were not available.
The reported drug names were converted to standard generic names and
encoded using the Multum Lexicon database (19). The drugs were placed
into one of three categories according to the Multum Lexicon Plus
therapeutic classification system, which is used to assign a therapeutic
classification to each drug and its ingredients. In the present study,
we focused on drugs with an antibiotic activity, which included those in
the first-level category “anti-infective;” and the second-level category,
which includes penicillin, cephalosporins, macrolide derivatives,
quinolones, sulfonamides, tetracyclines, lincomycin derivatives, urological
anti-infectives, and other antibiotics listed in the Multum Lexicon
database. Because some of the drugs were less commonly used, the final
four of the groups listed above were classified as “miscellaneous
antibiotics” for the analysis. Non-antibiotics such as antiviral, antifungal,
antituberculosis, anti-leprosy drugs, and topical antibiotics including
those in ear and eye preparations, were excluded. Using penicillin,
cephalosporins, macrolide derivatives, quinolones, sulfonamides,
miscellaneous antibiotics during the preceding 30 days and those did not
use antibiotics were regarded as multi-classified variable.

2.3. Assessment of asthma

The information regarding asthma and related symptoms
collected by NHANES through a self-administered questionnaires,
which were completed either during the in-home interview or clinic
visit. Asthma was defined by respondents giving a positive response
to either of three following questions: “Has a doctor or other health

Y «

professional ever told you that you have asthma?” “In the past
12 months have you had wheezing or whistling in your chest?” and
“During the past 12 months, have you had an episode of asthma or an

asthma attack?” (20).

2.4. Covariates

Data regarding covariates were obtained through interviews
conducted at home and physical examinations performed at the
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Participants in NHANES
(1999-2018)
n=101,316

n=109

Participants without
information on Antibiotics Use

Participants without
information on Asthma

n=4,522

Participants with non-positive
sample weight

n=44,342 Participants aged <20

n=1,216 Participats who were pregnant

y

Participants included in
Analysis

1999-2000
2001-2002
2003-2004
2005-2006
2007-2008
2009-2010
2011-2012
2013-2014
2015-2016
2017-2018

Total

n=4,211
n=4,789
n=4,538
n=4,474
n=5,657
n=6,006
n=5,279
n=5,538
n=5,419
n=5,213
n=51,124

FIGURE 1

Flow diagram of included survey participants by survey year: National Health and Nutrition Examination Surveys (NHANES) from 1999 to 2018.

MECs. Age, sex, ethnicity, household socioeconomic status,
educational level, health insurance coverage status, smoking status,
alcohol consumption status, history of diseases (including infection,
chronic bronchitis and emphysema), and family history of asthma
were self-reported by the participants during the interview.
Participants were categorized according to age as adult (age
20-40years), middle-aged (aged 40-60years), and older (aged
>60years). Ethnicity was categorized as Non-Hispanic white
people, Non-Hispanic black people, Hispanic people, and other.
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Household socioeconomic status was assessed using the family
income-to-poverty ratio (family PIR), which was calculated by
dividing household income by the poverty threshold for the survey
year (21). This result varied according to family size and geographic
location (22). The PIR was used to define three categories of
socioeconomic status: low (PIR <1.3), medium (1.3 <PIR<3.5),
and high (PIR >3.5). Educational level was classified as pre-high
school, high school graduate or general educational development
(GED), and college or above. A participant was defined as “Covered
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by Health Insurance” if they had health insurance or another type
of healthcare plan, such as health insurance obtained through their
employment or purchased directly, or government programs, such
as Medicare and Medicaid, which provide medical care or help with
medical bills. The participants were also categorized as being
current smokers, former smokers, or never having been a smoker
of cigarettes. The alcohol consumption of a participant was judged
by their response to the question “Do you have at least 12 alcoholic
beverages per year?” A standard drink was considered to be 121l.
oz. of beer, 5fl. 0z. of wine, or 1.5fl. oz. of liquor (23), and a
response in the affirmative led to the participant being recorded as
“Having a history of alcohol consumption.” A history of infection
was identified using the participant’s self-reported current health
status, and individuals were recorded as “having a history of
infection” if they had experienced influenza, pneumonia, or ear
infection that started during the preceding 30 days. Body mass
index (BMI) was calculated as body mass (kg)/height (m) squared.
Height and body mass were measured at the MECs according to a
standard operating procedure. Individuals with BMI >25kg/m?
were recorded as being “Overweight or Obese” and those with BMI
>18.5kg/m*> and <25kg/m’ were recorded as being of
“Normal weight”

2.5. Statistical analysis

Statistical analyses were performed using the 20-year sampling
weights associated with the MECs, according to the NCHS
Analytic Guidelines, unless otherwise specified (24). The sampling
weights associated with the MECs were calculated using the
inequality of the sampling probabilities for selection in the present
study and the non-response rates of participants in the NHANES
as a whole and at the MECs specifically. Geometric means and
95% confidence intervals (Cls) are used to summarize continuous
data, and numbers and percentages are used to summarize
categorical data. The demographic and physical characteristics of
the asthma and non-asthma groups were compared using the
Rao-Scott y? test.

Weighted logistic regression models were used to assess the
relationship between asthma and the use of prescription antibiotics.
Three models were created: model 1 was not adjusted; model 2
adjusted for age, sex, ethnicity, educational level, socioeconomic
status, health insurance status, and BMI; and model 3 further adjusted
for smoking status, history of diseases (including infection, bronchitis
and emphysema), and family history of asthma. Odds ratios (ORs)
and their 95% CIs were used to quantify the relationship between
asthma and the type of antibiotic being used. In addition, subgroup
analyses according to sex, ethnicity, and age were performed. When
creating the model stratified according to sex, all the covariates
adjusted for in model 3 were used, with the exception of sex.
Analogous processes were used for the subgroup analyses according
to age and ethnicity.

All the analyses were two-sided, and a p value of <0.05 was
considered to represent statistical significance. SAS v.9.4 (SAS
Institute, Cary, NC, United States) and R v.4.1.3 (R Project for
Statistical Computing, Vienna, Austria) were used for the
statistical analyses.
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3. Results

3.1. Baseline characteristics of the
participants

As demonstrated in Table 1, the prevalence of asthma was
18.83% (9,627/51,124) and the overall prevalence of antibiotic use
was 3.81% (1,946/51,124). The weighted mean age of the
participants with asthma was 46.2 years, which was significantly
lower than the weighted mean age of those without asthma
(47.5years, p<0.001). Out of the 51,124 participants, 16,788
(32.84%) were aged between 20 and 40 years, 16,542 (32.36%) were
aged between 40 and 60 years, and 17,794 (34.81%) were aged
>60years. Non-Hispanic white people were the most common
ethnicity (approximately 43.93%) while “other ethnicities,”
including Asian, was the least common. Significant differences were
found between the asthma and non-asthma groups with respect to
most of the parameters assessed. Among the six categories of
antibiotics included in the analysis, penicillin had the highest
weighted prevalence of use (1.13%) and sulfonamide antibiotics had
the lowest (0.31%).

3.2. Relationship between asthma and
antibiotic use

The model 1 indicates that, compared to those not using
antibiotics, individuals who used macrolide derivatives, penicillin, or
quinolones had a 2.557 (95% CI: 1.811, 3.612), 1.547 (95% CI: 1.190,
2.011) and 2.053 (95% CI: 1.344, 3.137) times greater risk of asthma,
respectively. However, after adjusting for demographic covariates and
asthma-related factors, but only macrolides derivatives remained
significantly associated with asthma (Table 2, model 3). No significant
association was found between the use of the other three types of
antibiotics and asthma, either before or after controlling for covariates
(Table 2). The results also revealed that female participants had a
14.5% higher risk of asthma than male participants (OR: 1.145, 95%
CI: 1.072, 1.223). Recent infection (OR:1.891, 95%CI: 1.648, 2.169),
chronic bronchitis (OR:5.622, 95%CI: 4.954, 6.380) and emphysema
(OR:4.102, 3.273, 5.141) were found to increase the risk of asthma. In
addition, Hispanic participants, non-Hispanic black people and other
ethnicities were all at a lower risk of asthma than non-Hispanic white
people. Moreover, smoking was found to be a risk factor for asthma,
with former and current smokers were at 24.3 and 78.6%, respectively,
higher risks of asthma than never-smokers (former smoker, OR:
1.243, 95% CI: 1.146, 1.348; current smoker, OR: 1.786, 95% CI:
1.626, 1.961). Higher socioeconomic status, greater BMI, younger age
and family history of asthma were all found to be risk factors for
asthma (Supplementary Table S1).

3.3. Results of the subgroup analysis of the
relationship between asthma and antibiotic
use according to sex, age, and ethnicity

Subgroup analyses were conducted based on demographic
characteristics including sex, age, and ethnicity (Figure 2). The
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TABLE 1 Characteristics of participants aged over 20 by asthma status: NHANES 1999-2018.

10.3389/fpubh.2023.1123555

Variables Non-asthma group Asthma group = Rao-Scott 2 p Value®

Sample size n=41,497 (81.17) n=9,627 (18.83)

Age, year 47.50+18.17 46.21+£17.95 3.99 <0.0001

Used antibiotics in the past 30 days 62.16 <0.0001

Cephalosporins 174 (0.42) 66 (0.69)

Macrolides derivatives 134 (0.32) 93(0.97)

Penicillin 426 (1.03) 153 (1.59)

Quinolones 153 (0.37) 71 (0.74)

Sulfonamides 119 (0.29) 40 (0.42)

Miscellaneous antibiotics 386 (0.93) 131 (1.36)

Not used antibiotics 40,105 (96.65) 9,073 (94.25)

Age, year® 14.71 <0.0001

20-40 13,497 (32.53) 3,291 (34.19)

40-60 13,364 (32.20) 3,178 (33.01)

>60 14,636 (35.27) 3,158 (32.80)

Sex 52.42 <0.0001

Male 20,800 (50.12) 4,370 (45.39)

Female 20,697 (49.88) 5,257 (54.61)

Ethnicity 117.27 <0.0001

Non-hispanic white 17,617 (42.45) 4,843 (50.31)

Non-hispanic black 8,626 (20.79) 2,251 (23.38)

Hispanic 11,207 (27.01) 1836 (19.07)

Other 4,047 (9.75) 697 (7.24)

Family income to poverty ratio (PIR) 105.56 <0.0001

<1.30 10,928 (29.29) 3,164 (36.10)

1.30-3.50 14,555 (39.01) 3,180 (36.28)

>3.50 11,832 (31.71) 2,420 (27.61)

Education 63.08 <0.0001

Less than high school 20,974 (50.62) 4,865 (50.58)

High school graduates or general education development (GED) 11,358 (27.41) 2,998 (31.17)

Some college or above 9,105 (21.97) 1755 (18.25)

Body mass index 28.09 <0.0001

Underweight 1,497 (3.61) 373 (3.87)

Normal weight 11,840 (28.53) 2,300 (23.89)

Overweight or obesity 28,160 (67.86) 6,954 (72.23)

Smoking status 484.30 <0.0001

Non-smoker 20,828 (56.25) 3,791 (42.90)

Former smoker 9,078 (24.52) 2,318 (26.23)

Current smoker 7,124 (19.24) 2,728 (30.87)

Covered by health Insurance 16.81 <0.0001

No 8,785 (21.26) 1857 (19.37)

Yes 32,533 (78.74) 7,729 (80.63)

Had flu, pneumonia, ear infection during past 30 days? 190.61 <0.0001

No 36,139 (96.24) 8,214 (92.83)

Yes 1,410 (3.76) 634 (7.17)

(Continued)
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TABLE 1 (Continued)

10.3389/fpubh.2023.1123555

Variables Non-asthma group Asthma group = Rao-Scott 2 p Value®
Had chronic bronchitis 1911.85 <0.0001
No 40,316 (97.15) 7,795 (80.97)

Yes 1,181 (2.85) 1832 (19.03)

Had emphysema 772.93 <0.0001
No 41,087 (99.01) 8,974 (93.22)

Yes 410 (0.99) 653 (6.78)

Family history of asthma 1302.10 <0.0001
No 34,704 (83.63) 6,100 (63.36)

Yes 6,793 (16.37) 3,527 (36.64)

*Age group 20-40 included participants aged > 20 and <40; 40-60 included participants aged >40 and <60.

bp Values were based on Rao-Scott Chi-square tests for categorized variables and weighted Student-¢ tests for continuous variables to test the difference of frequencies across asthma status

groups.
Values were survey-weighted frequencies, and percentage in colons (%) in parenthesis.

TABLE 2 Association of asthma and antibiotics use among American adults: NHANES 1999-2018.

Model 1 Model 2 Model 3
95%Cl EEYAS 95%Cl
Lower Upper Lower Upper Lower Upper

Not used ref / / / ref / / ref / / /
antibiotics

Macrolides 2.557 0.001 1.811 3.612 2.593 <0.001 1.831 3.671 1.983 0.008 1.341 2.930
derivatives

Sulfonamides 1.112 0.180 0.690 1.790 1.032 0.184 0.607 1.755 0.862 0.219 0.482 1.544
Penicillin 1.547 0.691 1.190 2.011 1.423 0.919 1.085 1.864 1.235 0.738 0.934 1.634
Cephalosporins 1.339 0.553 0.937 1.915 1.257 0.506 0.863 1.830 1.092 0.679 0.717 1.663
Miscellaneous 1.230 0.169 0.926 1.632 1.099 0.080 0.807 1.498 0.986 0.282 0.683 1.423
antibiotics

Quinolones 2.053 0.077 1.344 3.137 2.038 0.051 1.317 3.155 1.369 0.458 0.844 2.220

Model 1 was not adjusted; Model 2 adjusted for age, sex, ethnicity, educational level, socioeconomic status, health insurance status, and BMI; Model 3 further adjusted for smoking status,

history of diseases (including infection, bronchitis and emphysema), and family history of asthma.

OR: odds ratio. CI: confidence interval.

macrolide derivatives were closely associated with asthma in
adults aged between 20 and 40 and between 40 and 60, but not
among those aged >60. Conversely, the use of quinolones was
significantly associated with an increased risk of asthma in
individuals aged over 60 years (Figure 2A). In addition, the use of
macrolide derivatives or quinolones was significantly associated
with asthma in women, while only cephalosporins had significant
association with asthma in men (Figure 2B). There was a
significant association between macrolide derivatives and asthma
in all three races, while other antibiotics did not (Figure 2C).
Interaction analyses between sex and age were also performed,
and it was found that quinolone was associated with a lower risk
of asthma in men between the ages of 20 and 40, but not in men
of other age groups. Additionally, the association between
quinolones and asthma was statistically significant in women aged
between 20 and 40 and over 60, while the use of macrolides was
associated with a high correlation of asthma in middle-aged
women aged 40-60 (Supplementary Table 52).

Frontiers in Public Health

4. Discussion

Asthma has been recognized for more than 1,800years but has
become of particular concern during the past four decades, and our
understanding of the underlying pathophysiology and the various clinical
presentations has developed rapidly. However, it remains one of the most
important non-communicable diseases, and causes substantial disability
and death worldwide. Therefore, it requires global attention and
commitment to lessen its impact. Excessive sensitivity of the airway to
external stimuli (hyper-responsiveness) and airway inflammation have
been considered to lead to asthma. However, in recent years, the
relationship between the microbiota and asthma has become of great
interest, and antibiotics have clear effects on the gut and lung microbiota
(14, 25-27). Moreover, animal experiments have shown that most
antibiotics have adverse effects on allergic diseases, increase susceptibility
to allergic respiratory diseases, and aggravate asthma (28-30).

Previous studies have shown that antibiotic use during pregnancy
and within the first year after birth increase the risk of asthma in
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B
No. of Participants
Sroup Asthma / Non-As:hma OR (95% C1)
Gender
Male
Macrolides derivatives 42/59 1.741(0.978, 3.099) ——
Sulfonamides 19/52 1.076 (0.454, 2.553) ——
Penicillin 63/206 1.140(0.771, 1.686) Ly el
Cephalosporins 29175 1.845(1.035, 3.289) ——
Miscellaneous antibiotics 447152 0.836(0.489, 1.430) —-—
Quinolones 29175 0.571(0.306, 1.063) i
Female
Macrolides derivatives 51/75  2164(1325,3534) ——
Sufonamides 21/67 0.674 (0.330, 1.376) —-—
Penicillin 90/220 1.311(0.894, 1.923) -
Cephalosporins 37/99  0.756(0.436,1.311) s
Miscellaneous antibiotics 87/234 1.098 (0.722, 1.670) —
Quinolones 42187 2282(1.214,4292) —_—
—
0 1 5
<~Protective Factor-- 1 -Risk Factor-—>
OR (95% CI)
1.779 (1101, 2.875)
0.663 (0.302, 1.455)
1.170 (0.825, 1.658)

0.964 (0.589, 1.579)
0976 (0641, 1.484)
1.269 (0.667,2.412)

3439 (1.332, 8.882)
1414 (0625, 3.203)
1.153 (0687, 1.938)
1.942(0.960, 3.927)
1.104 (0,602, 2.022)
1529 (0673, 3.476)

4433 (1579, 12.444)
1.823(0.439, 7.580)
1.707 (0.878,3.319)
1.698 (0,659, 4.375)
0.933 (0.422, 2.335)
1.471(0.554, 3.905)

A‘M[‘{ M‘I{ preety

15
<-Protective Factor- 1 ~Risk Factor—>

A
No. of Participants
b Asthma / Non-As‘:hma ORESHCH
Age
20-40
Macrolides derivatives 34743 2019(1.092,3.733) (e E——
Suffonamides 11/31 0.814(0.310,2.141) ———
Penicillin 731175 1.426 (0.992,2.051) ——
Cephalosporins 24156 1.420(0.802,2513) Ep=——
Miscellaneous antibiotics 46/132 1.072 (0.636, 1.809) ——
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FIGURE 2
Forest plot of subgroup analysis of association between asthma and antibiotics use by age (A), gender (B) and ethnicity (C).

children, but less research has focused on the relationship between
antibiotic use and asthma in adults. The present findings provide
evidence for an association between antibiotic exposure and asthma
in adults. Moreover, we found that macrolide derivatives specifically
were associated with asthma, even after adjustment for covariates.
Azithromycin, a macrolide antibiotic, is often prescribed to
ameliorate asthma and improve the quality of life of patients with
asthma (31-34). However, its use has been associated with a
significant increase in macrolide resistance genes, and some
macrolides have severe side effects, such as a higher risk of
cardiovascular events (35, 36). Therefore, further causality research
is needed to better understand the relationship between macrolides
and asthma.

In the present study, we found that the risk of asthma was
significantly higher in individuals who had recent infection
during the preceding 30 days, chronic bronchitis and emphysema
than in those who had not. This is consistent with the results of
Sandrock et al. (37), who found that infectious agents are the
principal triggers of chronic persistent asthma and severe acute
exacerbations of bronchial asthma. Respiratory infections caused
by agents such as viruses, Chlamydophila, or Mycoplasma are
associated with wheezing illnesses in individuals of all ages and
may affect the incidence and severity of asthma, and such
infections have been hypothesized to have significant roles in the
pathogenesis of asthma (38). Therefore, prevention of infections,
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chronic bronchitis and emphysema is an effective way to
control asthma.

Consistent with the findings of Pietinalho et al. (39) that both
passive exposure to environmental tobacco smoke and active
smoking can worsen asthma in children and adults, we found that
smoking, whether past or present, is a risk factor for asthma in adults;
The whole society should participate in the control of smoking.
Previous studies have demonstrated that obesity is both a major risk
factor for asthma and a disease modifier of asthma, regardless of age;
and we also found that higher educational level, socioeconomic
status, greater BMI, younger age and family history of asthma are
closely related to asthma. Furthermore, individuals of differing
ethnicity show different relationships between antibiotic use and
asthma. Macrolide use was found to have a closely associated with
asthma in all three race. These covariates appeared to affect the
relationship between antibiotic use and asthma in the sample, which
may suggest that antibiotics contribute to the risk of asthma through
differing biological mechanisms.

In summary, our findings demonstrate an association between
antibiotic exposure and asthma in adults in the United States. The
government should play an important role in solving the problem
of asthma, including in encouraging a healthy lifestyle and
reducing tobacco consumption; identifying and avoiding the
predisposing factors of asthma is essential to prevent and minimize
asthma attacks. In addition, multidisciplinary studies are needed
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to increase understanding of asthma, including the causes, triggers,
and effective management measures. However, the present study
had several limitations. First, because it was a cross-sectional study,
inferences regarding causal links between antibiotic exposure and
asthma cannot be made. In addition, we studied the association
with the use of antibiotics within the preceding 30 days, and only
small numbers of participants were taking some of the categories
of antibiotics. Second, information on antibiotic use, such as the
type, dose, route of administration, and indication, was not
available. This is of significance because high cumulative doses,
administration during early pregnancy, and the use of a broad-
spectrum antibiotic have been shown to be associated with
childhood asthma risk, but information regarding adults is lacking
(40). Third, we did not consider the contribution of antibiotic
residues in food, especially meat, and water, which may have been
present because subclinical doses of antibiotics are used to promote
animal growth (41-44). Fourth, the association between asthma
and antibiotic exposure is just one component of a complex
network. In addition to diet, environment, genetics, upper
respiratory tract infection, some medicines, exercise, and
emotional stress are etiological factors for asthma (45-47).
Therefore, more comprehensive studies are necessary to verify the
relationship between antibiotic use and asthma. Fifth, the data for
asthma and antibiotic use were self-reported, and therefore may
not have been highly accurate.

In conclusion, we investigated the relationship between antibiotic
exposure and asthma in adult populations in the United States, and
found that certain types of antibiotics were associated with a higher
risk of asthma in specific subgroups of the population. These findings
imply that we should more strictly regulate the use of antibiotics. More
research should be done in the future to find out how the microbiota
is distributed in adults with asthma who used antibiotics, like
macrolides, and how macrolides affect asthma mechanically.
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