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Background: Influenza vaccination is strongly recommended for people with chronic

lung diseases, including chronic obstructive pulmonary disease, to reduce risk of

exacerbation. We assess the influenza vaccination rate and its related factors in

participants with airflow limitation (AFL) using nationally representative data in Korea.

Methods: We conducted a cross-sectional study from the Korea National Health and

Nutrition Examination Survey from 2007 to 2018. Individuals ≥ 40 years who underwent

spirometry and had identifiable information on influenza vaccination status were included.

Results: Overall influenza vaccination coverage was 61.2% in participants with AFL

and 41.8% in participants without AFL. Age had a significant impact on the yearly

vaccination rate in participants with AFL. Over the 10 years of study period, while the

yearly vaccination rate steadily increased from 58.3 to 61.9% in elderly participants (≥65

years) with AFL (p for trend= 0.117), the yearly vaccination rate decreased from 41.5% to

30.8% in younger participants (<65 years) (p for trend= 0.038). In multivariable analyses,

younger age [adjusted odds ratio (OR) for unvaccinated = 0.88, 95% confidence interval

(CI)= 0.87–0.90], male (adjusted OR= 1.64; 95% CI= 1.23–2.19), and current smokers

(adjusted OR = 1.42, 95% CI = 1.01–2.00) were associated with increased odds of

being unvaccinated.

Conclusions: The vaccination rate in participants with AFL affected by age. Younger

age, male sex, and current smoking were associated with unvaccinated status. More

attention and targeted interventions are required to improve the influenza vaccination

rate in those with AFL.

Keywords: influenza, vaccination, airflow limitation, risk factor, National Health and Nutrition Examination Survey

(NHANES)
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD), which is a
representative disease with airflow limitation (AFL), is the
leading causes of death worldwide, with a prevalence of 5.6%
in 2015, which is expected to increase to 7.8% by 2030 (1, 2).
COPD is a chronic inflammatory airway disease characterized by
fixed airflow limitation and chronic respiratory symptoms, such
as cough, sputum, and progressive dyspnea. Acute exacerbation
of COPD (AECOPD) can occur during the natural course of
disease (3). AECOPD not only affects an individual’s physical
health status but also decreases lung function and increases future
risk of exacerbation and even mortality (4–6). AECOPD also
increases medical expense and resource use, causing increased
socioeconomic burden (7).

AECOPD is a heterogeneous event thought to be caused
by complex interactions between the host, respiratory viruses
or bacteria, and environmental pollution (8, 9). The most
common causes of AECOPD are respiratory infections, most of
which are viral. Although the most frequent viruses associated
with exacerbation are human rhinoviruses (8), influenza is also
important, accounting for up to 28% of COPD exacerbations
(10). Influenza can lead to hospitalization, frequent exacerbation,
and even death in patients with COPD (11, 12). The disease
course of influenza is worse in patients with COPD compared
with those without COPD.

Influenza vaccination is the main strategy for prevention and
control of seasonal influenza (13). The influenza vaccination
has been shown to reduce AECOPD, influenza-related
hospitalization, and mortality (14, 15). Thus, seasonal influenza
vaccination is recommended to stable COPD patients from
groups A to D classified by combining exacerbation history
and severity of dyspnea suggested by Global Initiative for
Chronic Obstructive Lung Disease (GOLD) (16). Despite
this recommendation, it is not known whether influenza
vaccination coverage has increased among COPD patients
because most studies evaluated vaccination rates for a certain
year (17–20). Such information is even scarcer within the past 10
years (21).

In addition to COPD, influenza vaccination should be
considered in relation to other respiratory diseases including
asthma and bronchiectasis. A previous meta-analysis found that
influenza vaccination reduced febrile illnesses and prevented
asthma attacks requiring emergency visits and hospitalizations
(22). Despite limited studies regarding the efficacy of influenza
vaccination in bronchiectasis, international bronchiectasis
guidelines strongly recommend influenza vaccination in
patients with bronchiectasis (23, 24). Consequently, more
studies are needed to evaluate the factors associated with
influenza vaccination coverage among individuals with AFL
to develop ways to encourage vaccination and improve their
health outcomes.

In this study, we measure the influenza vaccination rate
among participants with AFL in a nationally representative
sample of Korea, and assess factors associated with
influenza vaccination.

METHODS

Study Population
For this study, cross-sectional data were used from the
Korea National Health and Nutrition Examination Survey
(KNHANES), which provides nationwide statistical data on
the Korean population’s health and diet from January 2007
to December 2018. The questionnaire on the influenza
vaccination was investigated for only 3 months in 2013
and was not disclosed to the public; thus, data from 2013
were not included in this study. The KNHANES uses a
complex, stratified, multistage probability cluster sampling
design with sampling units of households based on geographic
region, age, and gender. A health-related interview, nutrition
survey, and physical examination were performed for each
participant selected throughout Korea by trained interviewers.
All participants agreed to participate in this study. Since
publicly available data were used, ethical approval was waived.
The KNHANES surveys were approved by the relevant
institutional review boards, and informed consent was provided
by all participants.

Because spirometry is only performed in individuals older
than 40 years, we only included participants ≥40 years in the
analyses. Participants who did not undergo spirometry and those
who had missing data for influenza vaccination were excluded
from the study.

Of the total 38,247 participants, influenza vaccination data
were available for 34,464, of whom 4,873 (14.1%) had AFL
on spirometry and 29,591 (85.9%) did not. Finally, this study
included 4,873 participants with AFL, comprising those without
influenza vaccination (n = 1,890) and those with influenza
vaccination (n= 2,983) (Figure 1).

Exposure
The main exposure variable was influenza vaccination, which
was determined by the response to a question about influenza
vaccination status during the previous 1 year: “Have you been
vaccinated for influenza during the previous 1 year?”

FIGURE 1 | Selection of study population. AFL, airflow limitation; KNHANES,

Korea National Health and Nutrition Examination Survey.
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Study Outcomes
The study outcomes were (1) influenza vaccination rate
according to presence or absence of AFL during the study
period; (2) influenza vaccination rate in participants with AFL
stratified by age and AFL severity; and (3) factors associated with
vaccination status in participants with AFL.

To reduce the disease burden of influenza, the Korean
government instituted a national immunization program in 2005,
which provides free influenza vaccination for people aged ≥ 65
years. Accordingly, we divided subjects into two age groups (65
years or older vs. under 65 years).

AFL was defined as spirometry revealing forced expiratory
volume in 1 s (FEV1)/forced vital capacity (FVC) <0.7. Severity
of AFL was classified according to the percentage of the predicted
FEV1 (% pred): mild (FEV1 %pred of >70), moderate (FEV1

%pred of 60–69), moderately severe (FEV1 %pred of 50–59),
severe (FEV1 %pred of 35–49), and very severe (FEV1 %pred of
<35) (25).

Covariates
The KNHANES provides various demographic data [age, sex,
body mass index (BMI), education level, marital status, and self-
perceived income status] and spirometry results. The Korean
version of the EuroQol-5 dimensions questionnaire (EQ-5D),
a simple health-related quality of life instrument consisting
of 5 health dimensions (mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression), was used to measure
QoL status (26, 27). Several comorbid conditions were also
included in this study. The presence of hypertension was
determined by high blood pressure (mean systolic blood pressure
≥140 mmHg or mean diastolic blood pressure ≥90 mmHg on
examination or current intake of antihypertensive medications).
Hypercholesterolemia was defined as total cholesterol >200
mg/dL or current intake of lipid-lowering medications (28).
Diabetes was defined as fasting glucose >126 mg/dL or
HbA1c >6.5% or current use of oral hypoglycemic agents
or insulin for glycemic control (29). The presence of other
comorbid conditions was determined by a positive response to
the following two questions: “Have you been diagnosed with
[disease] by a doctor?” or “Do you take medicine or treatment
for [disease]?” (30).

Statistical Analyses
Data are presented as medians and interquartile ranges for
continuous variables and as frequencies (percentages) for
categorical variables. Data were compared using the Mann–
Whitney U test for continuous variables because of non-
normality. Continuous variables were compared using Pearson’s
chi-squared test or Fisher’s exact test, as appropriate. For the
analyses of influenza vaccination rate by AFL severity and
multivariable logistic regression to evaluate factors associated
with not receiving influenza vaccination, we classified the severity
of AFL into four groups [mild (FEV1 %pred of >70), moderate
(FEV1 %pred of 60–69), moderately severe (FEV1 %pred of 50–
59), and severe to very severe (FEV1 %pred of <50)] because
there only 1.3% of participants (n = 64) had severe to very

severe AFL (FEV1 %pred of <50) in the NHANES dataset. In the
multivariable logistic regression model, we adjusted for age, sex,
BMI, marital status, type of medical insurance, economic activity,
education level, EQ-5D, chronic bronchitis, smoking history,
the severity of AFL, comorbidities (hypertension, ischemic heart
disease, diabetes mellitus, and asthma). All tests were two-sided,
and a p-value ≤ 0.05 was considered statistically significant.
Statistical analyses were performed using STATA software (ver.
16; StataCorp, College Station, TX, USA).

RESULTS

Influenza Vaccination Rate According to
Presence of Airflow Limitation
Influenza vaccination trends from 2007 to 2018 are shown
in Figure 2. Compared to 61.2% of participants with AFL
(2,983/4,873) being vaccinated, 41.8% participants without AFL
(12,357/29,591) were vaccinated.

Figure 3 shows the influenza vaccination trends according
to AFL status based on age. While the overall vaccination rate
in participants 65 years or older was ∼80% (Figure 3A), the
vaccination rate in participants younger than 65 years was <40%
(Figure 3B). AFL had a significantly different impact on the
age-stratified vaccination rate. In participants 65 years or older,
the overall vaccination rate (80.2% with AFL vs. 80.3% without
AFL; p= 0.894) was not different by AFL. Regardless of AFL,
the yearly vaccination rate steadily increased during the study
period [58.3% in 2007 to 61.9% in 2018 (p for trend = 0.117)
in participants with AFL; 40.2% in 2007 to 44.7% in 2018 (p for
trend <0.001) in participants without AFL; Figure 3A].

However, among individuals 65 years or less, the vaccination
rate was higher in participants with AFL than in those without
AFL (34.7% with AFL vs. 29.2% without AFL; p < 0.001).
Additionally, while there was a decreasing trend in the yearly
vaccination rate among participants with AFL, the vaccination
rate in subjects without AFL fluctuated [41.5% in 2007 to 30.8%
in 2018 (p for trend = 0.038) for participants with AFL; 28.6%
in 2007 to 29.9% in 2018 (p for trend < 0.001) in participants
without AFL; Figure 3B].

Comparison of Clinical Features in
Participants With AFL According to
Influenza Vaccination
Differences in clinical characteristics according to influenza
vaccination status in participants with AFL are presented
in Table 1. Vaccinated participants tended to be older and
were less likely to be male and current smokers compared
with unvaccinated participants (p < 0.001 for both).
Regarding socioeconomics, vaccinated participants had
lower economic activity and lower QoL compared with
unvaccinated participants (p < 0.001 for both). Comorbid
conditions including hypertension, ischemic heart disease,
hypercholesterolemia, diabetes mellitus, cerebrovascular disease,
asthma, and osteoporosis were more common among vaccinated
participants than unvaccinated participants. Except for FEV1
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FIGURE 2 | Influenza vaccination trends in participants with AFL. AFL, airflow limitation.

FIGURE 3 | Influenza vaccination trends according to age (≥65 vs. <65 years). AFL, airflow limitation. (A) Age ≥ 65 years, (B) Age < 65 years. AFL, airflow limitation.

% predicted, vaccinated participants had lower lung function
parameters [FEV1 (L), FVC (L), FVC % pred, and FEV1/FVC]
compared with unvaccinated participants (p < 0.001 for the
latter four variables).

Influenza Vaccination Rate According to
AFL Severity
Influenza vaccination rate was further analyzed according to AFL
severity. The overall vaccination rates were 59.8% (2,027/3,392),
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TABLE 1 | Comparison of clinical features in participants with airflow limitation according to influenza vaccination.

Participants with airflow limitation (N = 4,873)

Without influenza

vaccination

(n = 1,890)

With influenza

vaccination

(n = 2,983)

P-value

Age (years) 60 (53–66) 70 (65–75) <0.001

Male sex 1,449 (76.7) 2,061 (69.1) <0.001

Current smoker 883 (47.1) 1,009 (34.1) <0.001

Smoking amount (pack-years) (n=3,182) 5 (0–26) 0 (0–24.5) 0.004

Body mass index, kg/m2 23.5 (21.6–25.5) 23.5 (21.7–25.3) 0.782

Education beyond high school 1,107 (59.1) 1,149 (38.8) <0.001

Marriage status (yes) 1,853 (98.2) 2,953 (99.2) 0.001

Economic activity status 1,257 (66.9) 1,352 (45.5) <0.001

Health insurance 1,798 (95.8) 2,791 (94.4) 0.027

Symptoms (n = 3,558)

Cough ≥3 months 45 (3.2) 88 (4.1) 0.207

Sputum ≥3 months 108 (7.8) 206 (9.5) 0.075

Chronic bronchitis 118 (8.5) 223 (10.3) 0.076

Quality of life, EQ-5D 1 (0.907–1) 1 (0.817–1) <0.001

Comorbidities

Hypertension (n = 3,576) 667 (51.5) 1,472 (64.5) <0.001

Ischemic heart disease (n = 2,383) 53 (6.0) 152 (10.2) <0.001

Hypercholesterolemia (n = 4,559) 298 (16.8) 571 (20.5) 0.002

Diabetes mellitus (n = 4,130) 853 (54.3) 1,512 (59.1) 0.003

Cerebrovascular disease (n = 2,354) 32 (3.6) 88 (6.0) 0.012

Asthma (n = 2,612) 63 (6.6) 200 (12.1) <0.001

Osteoporosis (n = 1,958) 25 (3.5) 141 (11.4) <0.001

Tuberculosis (n = 2,663) 49 (4.9) 87 (5.3) 0.633

Depression (n = 2,602) 26 (2.7) 61 (3.7) 0.151

Any cancer history* (n = 1,361) 33 (3.8) 52 (3.5) 0.757

Spirometry

FEV1, L 2.45 (1.96–2.90) 2.07 (1.60–2.49) <0.001

FEV1, % pred 78.2 (68.6–86.6) 77.6 (66.5–87.6) 0.287

FVC, L 3.81 (3.12–4.44) 3.32 (2.66–3.90) <0.001

FVC, % pred 91.9 (82.3–100.6) 87.2 (76.9–96.9) <0.001

FEV1/FVC 66.0 (61.9–68.3) 65.0 (59.8–67.9) <0.001

Data are presented as median (interquartile range) or number (percentage). The numbers in brackets for each comorbidity represent the number of participants who responded to the

questions regarding each comorbidity.
* Includes gastric, liver, colon, breast, cervical, lung, or thyroid cancer.

EQ-5D, EuroQol-5 dimensions questionnaire; FEV1, forced expiratory volume in 1s; % pred, percentage of the predicted value; FVC, forced vital capacity.

61.7% (484/784), 66.6% (273/410), and 69.3% (199/287) in
participants with mild, moderate, moderately severe, and severe
to very severe AFL subjects, respectively (Figure 4; p= 0.001).

Factors Related to Non-vaccination in
Participants With AFL
As shown in Table 2, in multivariable analyses, younger age
[adjusted odds ratio (OR) for being unvaccinated = 0.88, 95%
confidence interval (CI)= 0.87–0.90], male (adjusted OR= 1.70;
95% CI= 1.21–2.42), and current smoking (adjusted OR= 1.42,
95% CI = 1.01–2.00) were associated with increased odds for
being unvaccinated. Although participants with more severe AFL
were more likely to be vaccinated according to the univariable

analysis, the severity of AFL was not related to vaccination status
in multivariable analyses.

DISCUSSION

This study evaluated influenza vaccination trends from 2007
and 2018 among participants with AFL in Korea. During the
study period, the overall influenza vaccination rate was higher
in participants with AFL than in those without AFL. While
the influenza vaccination rate in the elderly with AFL steadily
increased similar to that of those without AFL, the rate in young
participants with AFL decreased, while the rate among young
participants without AFL fluctuated. In multivariable analyses,
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FIGURE 4 | Influenza vaccination rate according to AFL severity. AFL, airflow limitation.

younger age, male, and current smoking were associated with
increased odds of unvaccinated status.

Influenza vaccination has been considered as important
management in individuals with chronic airway diseases with
AFL, such as COPD, asthma, and bronchiectasis. The current
guidelines strongly recommend influenza vaccination in COPD.
Influenza vaccination is known to reduce not only acute
exacerbations but also serious lower respiratory infections in
COPD participants. The benefits of influenza vaccination in
participants with COPD extend beyond the prevention of
respiratory illness. Studies have shown that influenza vaccination
can reduce mortality and risk of ischemic heart disease, especially
in the elderly (31). Furthermore, chronic comorbidities are highly
prevalent in patients with COPD and are associated with frequent
exacerbations and increased risk of exacerbation (32). Hence,
influenza vaccination should be emphasized in patients with AFL
and other comorbidities.

The vaccination rate in patients with COPD varies widely by
country. While the rates of influenza vaccination in patients with
COPD were relatively high in the US (∼64%) (21), Spain (∼60%)
(17, 18), and Korea (∼60% in this study), the vaccination rate
was relatively low in Hungary (24%) (19), Taiwan (32%) (33),
and Turkey (40%) (20). Unfortunately, few studies have evaluated
influenza vaccination coverage within a specific country. In
our study, the influenza vaccination rate was relatively stable,
suggesting more effort is needed to increase coverage in patients
with COPD in Korea. Because the current data suggest that
vaccination rates can vary widely, we suggest that studies
evaluating vaccination rates over time would be informative to
set country-specific vaccination strategies for COPD patients.

Regarding asthma, a previous meta-analysis demonstrated
influenza vaccination reduced febrile illness by 72% and
prevented 59–78% of cases of acute exacerbation of asthma
requiring emergency visits and/or hospitalizations (22),
suggesting influenza vaccination could be a cost-effective
strategy to reduce acute exacerbation of asthma. Although

there is limited evidence directly showing the effectiveness of
vaccination in patients with bronchiectasis, influenza virus may
play a crucial role in triggering exacerbation of bronchiectasis
(34), which supports providing influenza vaccination to this
population (23, 24). However, to provide solid evidence
for influenza vaccination in patients with bronchiectasis,
future studies evaluating the role of influenza vaccination in
bronchiectasis are needed.

Importantly, our study results suggested whom clinicians
should persuade to receive influenza vaccination, which includes
younger patients, males, and current smokers. As shown in
previous studies, the vaccination rate was significantly lower
in the younger population with AFL than in the older
population with AFL (17, 20, 21, 33, 35). Additionally, younger
age was independently associated with unvaccinated status in
participants with AFL. Beyond this, we further performed a
trend analysis for vaccination over 10 years according to age
group, which has not been performed in previous studies. While
the vaccination rate in elderly subjects with AFL had a steadily
increasing trend, the rate showed a decreasing trend. The reasons
for this phenomenon are not clear. For a possible reason, young
participants with AFL are likely to have unhealthy lifestyles, while
their symptoms are mild or absent in the early stage of AFL.
Accordingly, the importance of influenza vaccination is likely to
be neglected in this population. This information suggests the
importance of age in predicting influenza vaccination in those
with AFL. We need to pay more attention to increasing the
vaccination rate in the young population with AFL.

Consistent with previous studies, our study revealed that
males and current smokers are more likely to be unvaccinated
among participants with AFL. Generally, males are more likely
to be current smokers than females, especially in Asian countries,
including Korea (30). Furthermore, being a male and a smoker
increases the risk of severe disease presentation, including
mortality (36–38). Thus, it is plausible that such male patients
who also have AFL have a much higher risk of worse prognosis

Frontiers in Medicine | www.frontiersin.org 6 May 2022 | Volume 9 | Article 870617

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Lee et al. Influenza Vaccination and Airflow Limitation

TABLE 2 | Factors associated with non-vaccination against influenza in

participants with airflow limitation.

Variables Univariable Multivariable*

OR (95% CI) OR (95% CI)

Male sex 1.47 (1.29–1.68) 1.70 (1.21–2.42)

Age, year 0.89 (0.88–0.90) 0.88 (0.87–0.90)

Married state 0.43 (0.26–0.73) 2.33 (0.85–6.40)

Medicaid 0.73 (0.56–0.97) 0.85 (0.47–1.52)

Economic activity 2.42 (2.15–2.73) 0.96 (0.75–1.22)

Education beyond high

school

2.28 (2.01–2.57) 1.15 (0.91–1.45)

EQ-5D 8.47 (5.21–13.78) 0.57 (0.21–1.50)

Body mass index,

kg/m2

1.00 (0.98–1.02) 0.97 (0.93–1.01)

Chronic bronchitis 0.81 (0.64–1.02) 0.89 (0.57–1.37)

Current smoker 1.79 (1.55–2.05) 1.42 (1.01–2.00)

Severity of airflow

limitation
†

Mild (FEV1 %pred of

>70)

Reference Reference

Moderate (FEV1 %pred

of 60–69)

0.92 (0.78–1.08) 1.07 (0.78–1.49)

Moderately severe

(FEV1 %pred of 50–59)

0.75 (0.60–0.93) 1.14 (0.77–1.69)

Severe to very severe

(FEV1%pred of <50)

0.66 (0.51–0.85) 1.22 (0.75–1.97)

Comorbidities

Hypertension 0.58 (0.51–0.67) 0.91 (0.72–1.16)

Ischemic heart disease 0.56 (0.41–0.78) 0.80 (0.47–1.34)

Diabetes mellitus 0.82 (0.72–0.93) 0.92 (0.70–1.22)

Asthma 0.51 (0.78–0.68) 0.61 (0.33–1.13)

Data are presented as ratios (95% confidence intervals).
†
Severity of airflow limitation was graded according to ATS/ERS guideline (25), and severe

and very severe were combined into one group due to the small number of participants

with severe to very severe AFL (n = 64).
*Multivariate analysis was adjusted for age, sex, smoking PY, marriage status (married vs.

unmarried or divorced), economic activity (active vs. inactive), education level (college

or above vs. high school or less), EQ-5D, severity of airflow limitation, and comorbid

conditions (hypertension, ischemic heart disease, diabetes mellitus, and asthma).

OR, odds ratio; EQ-5D, EuroQol-5 dimensions questionnaire; FEV1, forced expiratory

volume in 1s; % pred; percentage of the predicted value.

than those without these risk factors. However, our study results
alone cannot explain sex differences in vaccination rates. We
believe that an unhealthy lifestyle in men may have influenced
this observation. Additionally, there is a possibility that women
might be more compliant with clinicians’ recommendations for
influenza vaccination than men, as shown by the sex difference in
medication adherence in Korea (39).

There have been conflicting results on the relationship
between AFL severity and influenza vaccination rate. While a
lower rate of vaccination was observed in subjects with more
severe AFL (17), other studies showed a positive association
between AFL severity and influenza vaccination rate (18–20).
Similarly, our study showed a positive association between
AFL severity and vaccination rate, although it diminished

after adjustment of covariables. Given that severe AFL can be
associated with severe pneumonia in patients with AFL (40),
and the protective effects of influenza vaccination seem to
be correlated with AFL severity (13), strategies focusing on
improving the vaccination rate in patients with severe AFLmight
be more cost-effective.

Our findings yield important insights that can be helpful
to design targeted strategies to increase influenza vaccination
coverage in patients with AFL. The identification of factors
(younger age, male, and current smokers) associated with
unvaccinated status can help design tailored strategies to increase
influenza vaccination in patients with AFL. We also suggest
a change in strategy of influenza vaccination policy for adults
in Korea. Currently, the Korean government-led free influenza
vaccination policy for adults is a one-size-fits-all strategy that
is applied to all subjects aged 65 or older, and it does not
consider risk factors other than age. Thus, a large number of
young patients with AFL who are at a high risk of influenza
have not been considered for the benefit of government-led
free vaccination programs. However, given the broad benefits
of influenza infection on respiratory diseases with AFL, a
more advanced and personalized free vaccination strategy that
estimates individual risk might be helpful, and it could include
young patients with AFL.

There are limitations to our study that should be
acknowledged. First, this study was performed in Korea, limiting
the generalizability of our findings. Second, because KNHANES
does not have data on post-bronchodilator spirometry, we
defined AFL using pre-bronchodilator spirometry. However,
prebronchodilator spirometry has been widely used to define
AFL in many previous studies of COPD epidemiology
(30, 41, 42). Third, this study could not evaluate the presence
of bronchiectasis, which may be an important comorbidity to
consider when interpreting the results of our study. This was
because a questionnaire on bronchiectasis was only available
in the 2007–2009 NHANES dataset. Fourth, we could not
provide a reasonable explanation for our observation of the
relationship between socioeconomic and influenza vaccination
status in participants with AFL. Poor socioeconomic status,
such as low education level, inactive economic status, and
reduced QoL, showed increased odds of non-vaccination in
the univariable analysis but no significant relationship in
multivariable analyses. Although the reasons are not clear,
it is possible that the Korean government-led free influenza
vaccination program attenuated the influence of these factors on
influenza vaccination. The free influenza vaccination program
in Korea targets people receiving Medicaid and the elderly
population whose socioeconomic status and QoL are poor,
which leads to disproportionally higher influenza vaccination
rates in these subjects despite their poor socioeconomic status.
Thus, the simultaneous consideration of these factors (age,
Medicaid, economic activity, educational level, and QoL) might
have yielded the non-significance of socioeconomic variables.
As socioeconomic status and government health policies might
differ between countries, our study results should be interpreted
with caution in other countries.
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In conclusion, over the past 10 years, the influenza
vaccination rate in elderly participants with AFL steadily
increased, while the rate in younger participants with AFL
decreased. Younger participants, males, and current smokers
were most likely to have unvaccinated status among those
with AFL. More attention and targeted interventions are
required to improve the influenza vaccination rate in individuals
with AFL.
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