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strategy for coping with influenza.® The effective-
ness of vaccination has been demonstrated in
subjects with asthma, which prevented nearly half
of influenza infections and approximately 60—
80% of asthma attacks.!®!! Accordingly, guide-
lines have recommended that subjects with
asthma should be vaccinated against the influenza
virus every year.!2-14 However, the previous litera-
ture has consistently reported a suboptimal rate
of influenza vaccination in this population.!>-19 A
study using Korean national data reported that
the influenza vaccination rate for the general pop-
ulation more than 40years of age was 45.2%,
while it was 76.8% for those aged 65years and
older.?20 In patients with asthma, the influenza
vaccination rate for those aged 65 years and older
was higher at 81.5%, but the vaccination rate
below 50years of age was only 28.3%.18 In addi-
tion, several factors have been suggested to be
associated with low influenza vaccination rates,
with young age contributing as a significant fac-
tor.10-18:21 Consequently, various methods, such
as social marketing, were proposed to increase
influenza vaccination rates in young subjects.??

However, despite these efforts, there are no recent
data on whether influenza vaccination rates have
increased in subjects with asthma and whether
younger age is no longer associated with the low
influenza vaccination rates. Therefore, we aimed
to investigate the recent yearly trends of influenza
vaccination rates and the factors associated with
influenza vaccination in subjects with asthma,
with a focus on age.

Materials and methods

Study population and design

The Korea National Health and Nutrition
Examination Survey (KNHANES) is a popula-
tion-based nationwide survey that assesses the
health and nutritional status of the non-institu-
tionalized Korean population. The survey was
conducted by the Korea Disease Control and
Prevention Agency (KDCA). The study popula-
tion was selected using a stratified multistage
probability cluster sampling method. More
detailed information on the KNHANES has been
provided in a previous study.23

We used data from the KNHANES V (2010-
2012), VI (2014-2015), VII (2016-2018), and
VIII (2019). In this study, data from the

KNHANES 2013 were not included because the
influenza vaccination data were not available to
the public. A total of 93,338 subjects were
included in the surveys over 9years, and 72,843
agreed to participate (participation rate, 78.0%).
Of the 72,843 participants, we excluded subjects
aged <l18years (#=14,659) or those who had
missing data for influenza vaccination (z=6,004).
Of the remaining 52,180 subjects, we excluded
50,537 who did not have a history of physician-
diagnosed asthma. Finally, 1,643 subjects with
asthma were included in the analysis (Figure 1).

Outcomes

The outcomes were as follows: (1) influenza vac-
cination rate over the study period and (2) factors
associated with influenza vaccination in subjects
with asthma. Subject’s history of influenza vacci-
nation was investigated using the following ques-
tion: ‘Have you ever been vaccinated against
influenza in the past year?’

Exposure

Subjects with asthma were defined as those with a
history of physician-diagnosed asthma. Physician-
diagnosed asthma was assessed by the question,
‘Have you ever been diagnosed with asthma by a
doctor?’ For stratified analyses, subjects with
asthma were further subdivided into (1) young
subjects (age < 65years) and (2) elderly subjects
(age = 65 years).

Measurements and other definitions

Body mass index (BMI) was calculated by divid-
ing an individual’s weight by the square of their
height (kg/m?2). Past smoking was defined as a per-
son who smoked five or more cigarettes in their
lifetime but who does not currently smoke. Single,
separated, divorced, and widowed individuals
were defined as unmarried. Monthly household
income was defined as low for the lowest quartile,
intermediate for the second to third quartiles, and
high for the highest quartile. Regular walking was
defined as walking at least five times a week for
more than 30min at a time. Chronic cough was
defined as a cough symptom lasting 3 months or
longer. Chronic sputum was defined as sputum
accompanied by coughing for more than 3 months
per year. Physical limitation was defined using the
question, ‘Do you have limitations in your daily
life?” Hypertension was defined as a systolic blood
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Figure 1. Flow chart of the study population.

pressure =140mmHg, diastolic blood pressure
=90mmHg, or treatment with antihypertensive
medication. Dyslipidemia was defined as low-
density lipoprotein cholesterol level greater than
130mg/dl, high-density lipoprotein cholesterol
level less than 40mg/dl, or treatment with lipid-
lowering medications. Diabetes mellitus was
defined as a fasting plasma glucose level of
=126mg/dl or treatment with glucose-lowering
medications. Other comorbidities were defined on
the basis of a physician’s diagnosis.2+

Statistical analysis

Data are expressed as weighted percentages with
standard errors. The p values for differences
according to influenza vaccination history were
calculated wusing Pearson’s chi-square test.
Logistic regression analysis was performed to
explore factors associated with influenza vaccina-
tion in subjects with asthma. In multivariable
analysis, demographic profiles (age, sex, and
BMI), personal habits (smoking status and regu-
lar walking), socioeconomic factors (marital sta-
tus, income, and education), symptoms (any
respiratory symptoms and physical limitation),
asthma status (no asthma at present, not being
treated for asthma, and currently being treated
for asthma), and comorbidities were included.
Income is included in the adjustment because
subjects with asthma have to pay for influenza

vaccination, whereas it is free for the elderly
(=65 years) in Korea.

The sampling weights were adjusted for all analy-
ses using the ‘survey’ package of R. Participants
in the single primary survey unit stratum were
centered at the sampled grand mean. Missing val-
ues were handled using the missing indicator
method, which analyzes missing values by group-
ing them into missing categories. Statistical sig-
nificance was defined as a two-sided p value of
less than 0.05. All analyses were performed using
R version 4.0.3 (R Core Team 2021; R
Foundation for Statistical Computing, Vienna,
Austria).

Results

Baseline characteristics

The baseline characteristics of the subjects with
asthma are shown in Table 1. Among subjects
with asthma, compared with unvaccinated sub-
jects, those vaccinated against influenza were
more likely to be older (58.1% wersus 11.5%,
$<0.001) and female (67.5% wersus 55.5%,
p<<0.001). Vaccinated subjects were less likely to

be current smokers (11.4% versus 24.2%,
$<0.001), unmarried (35.5% wversus 48.6%,
$»<<0.001), college graduates (16.3% wversus

34.4%, p<0.001), and regular walker (33.7%
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Table 1. Baseline characteristics of the study population.

Total (n=1,643) Unvaccinated (n=695)  Vaccinated (n=948) p value
Age (years]) <0.001
18-64 61.8(1.4) 88.5(1.3) 41.9(1.9)
=65 38.2 (1.4) 11.5(1.3) 58.1(1.9)
Sex <0.001
Male 37.7(1.3) 44.5(2.1) 32.6(1.6)
Female 62.4.(1.3) 55.5 (2.1) 67.5(1.6)
BMI, kg/m? 0.096
Underweight (<18.5) 4.7(1.3) 6.2(1.1) 3.6(0.7)
Normal weight (18.5-24.9) 57.6 (0.6) 57.7 (1.9) 57.6 (1.8
Overweight/obese (>25) 37.2(1.3) 35.5(1.9) 38.5(1.8)
Smoking status <0.001
Non-smoker 62.7 (1.3) 61.0 (2.0 64.0 (1.7)
Past smoker 19.5(1.1) 14.1(1.4) 23.6 (1.6)
Current smoker 16.9 (1.1) 24.2(1.8) 11.4(1.2)
Marital status <0.001
Unmarried 41.1(1.3) 48.6 (2.1 35.5(1.8]
Married 58.9 (1.3 51.4(2.1) 64.6(1.8)
Income 0.956
Low 29.2(1.3) 29.2(2.0) 29.2(1.6)
Intermediate 48.3(1.4) 48.7 (2.0 48.1(1.8)
High 22.1(1.2) 21.6(1.6) 22.4(1.5)
Education <0.001
Elementary school graduate 36.0 (1.4) 16.4(1.6) 50.7 (1.8)
Middle/high school graduate 39.0(1.3) 48.9 (2.2) 31.7(1.7)
College graduate 24.1(1.2) 34.4(2.0) 16.3(1.3)
Regular walking 36.9 (1.4) 41.0(2.1) 33.7(1.7) 0.014
Symptoms
Any respiratory symptoms 14.9 (1.0) 9.6 (1.2) 18.8 (1.4) <0.001
Cough 9.9(0.8) 7.0 (1.1) 12.0(1.2) <0.001
Sputum 12.3(0.9) 7.9(1.1) 15.7 (1.3) <0.001
[Continued]
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Table 1. (Continued)

Total (n=1,643) Unvaccinated (n=695)  Vaccinated (n=948) p value
Physical limitations 20.2 (1.1) 12.9 (1.5) 25.7 (1.5) <0.001
Asthma status <0.001
No asthma at present 42.0(1.4) 54.4 (2.0) 32.7(1.7)
Not being treated for asthma 22.7(1.1) 24.1(1.8) 21.6 (1.5)
Currently being treated for asthma 35.3(1.3) 21.5(1.8) 45.7 (1.8)
Comorbidities
Pulmonary tuberculosis 9.0(0.8) 4.6(0.9) 12.3(1.2) <0.001
Hypertension 39.2(1.4) 22.6(1.8) 51.7(1.8) <0.001
Diabetes mellitus 13.9(0.9) 8.5(1.2) 18.0 (1.4) <0.001
Dyslipidemia 34.3(1.3) 26.3(1.9) 40.4(1.8) <0.001
Allergy
Atopic dermatitis 8.5(0.8) 13.3(1.4) 4.9(0.8) <0.001
Allergic rhinitis 19.5(1.1) 26.0(1.7) 14.7(1.3) <0.001
Cardiovascular disease 5.4(0.7) 3.3(0.8) 7.0(0.9) 0.002

Data are expressed as weighted percentages (standard errors).

versus 41.0%, p=0.014), but had more respira-
tory symptoms (18.8% wersus 9.6%, p<<0.001)
and physical limitations (25.7% wversus 12.9%,
$<0.001) and were more likely being treated for
asthma (45.7% wersus 21.5%, p<<0.001).
However, there were no differences in BMI and
income between the two groups.

Regarding comorbidities, compared to unvacci-
nated subjects, vaccinated subjects had more his-
tory of pulmonary tuberculosis (12.3% wversus
4.6%, p<<0.001), hypertension (51.7% wversus
22.6%, p<<0.001), diabetes mellitus (18.0% ver-
sus 8.5%, p<<0.001), dyslipidemia (40.4% wversus
26.3%, p<<0.001), and cardiovascular disease
(7.0% versus 3.3%, p=0.002), but less atopic der-
matitis (4.9% versus 13.3%, p<<0.001) and aller-
gic rhinitis (14.7% versus 26.0%, p<<0.001).

Influenza vaccination rates and yearly trends

The overall influenza vaccination rates were
57.2% for all subjects with asthma, 38.7% for
young subjects with asthma, and 87.1% for

elderly subjects with asthma. The annual trends
in influenza vaccination are shown in Figure 2.
More than 10years, the vaccination rate fluctu-
ated in subjects with asthma, ranging from 51.0%
to 64.3%. In younger subjects with asthma, the
vaccination rate increased from 36.3% in 2010 to
46.6% in 2014 and then sharply decreased in
2015. This dropped vaccination rate was main-
tained until 2017 and started to increase in 2018.
In elderly subjects with asthma, small fluctua-
tions in vaccination rates were observed between
2010 and 2012, ranging from 80.0% to 88.1%.
Thereafter, the vaccination rate increased stead-
ily from 86.8% in 2014 and peaked in 2019
92.6%).

Factors associated with influenza vaccination

Supplemental Table S1 and Table 2 show uni-
variable and multivariable logistic regression
analyses of influenza vaccination in the subjects
with asthma, resprectively. In multivariable anal-
ysis, age was the factor most strongly associated
with influenza vaccination [adjusted odds ratio
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Figure 2. Influenza vaccination trends in subjects with asthma between 2010 and 2019.

(aOR)=6.49, 95% CI (confidence interval)=
4.35-9.67 for =65 years]. Other identified factors
showing an association with influenza vaccina-
tion were female sex (aOR=1.72, 95% CI=
1.21-2.44), unmarried state (aOR=0.51, 95%
CI=0.37-0.71), current asthma being treated
(aOR=1.82, 95% CI=1.32-2.51), hypertension
(aOR=1.47, 95% CI=1.07-2.01), and dyslipi-
demia (aOR=1.75, 95% CI=1.07-2.85).

In the stratified analysis, young subjects with
asthma, who are female (aOR=1.66, 95%
CI=1.11-2.49), receiving current asthma treat-
ment (aOR=1.69, 95% CI=1.14-2.50), and
with a history of pulmonary tuberculosis
(aOR=2.01, 95% CI=1.04-3.87) or dyslipi-
demia (aOR=1.86, 95% CI=1.05-3.30) were
positively associated with influenza vaccination,
whereas those with an unmarried status were neg-
atively associated (aOR=0.50, 95% CI=0.34—
0.75). Among elderly subjects with asthma, those
who were underweight (aOR=0.29, 95%
CI=0.09-0.97), unmarried (aOR=0.52, 95%
CI=0.29-0.94), and had a low income
(aOR=0.42, 95% CI=0.18-0.97) were less likely
to be vaccinated against influenza.

Discussion
This study comprehensively investigated trends
of and factors associated with influenza

vaccination rate in subjects with asthma using
recent nationwide population-based data of
Korea. In the analysis of the trend between 2010
and 2019, the influenza vaccination rate among
subjects with asthma has fluctuated at a subopti-
mal level without a significant increase. In addi-
tion, our results showed that lower influenza
vaccination rate in subjects with asthma is mostly
attributable to young subjects and revealed sev-
eral important factors associated with vaccination
uptake.

Previous studies from western countries have
shown the low influenza vaccination rate in sub-
jects with asthma. According to the 2007
Behavioral Risk Factor Surveillance System in
the United States, influenza vaccination coverage
was 39.9% for adult asthmatics (=16years of
age).!> Influenza vaccination rates in European
countries (=16years of age) were 38.0% in the
Spanish National Health Study 2006!7 and
35.2% in the European Health Survey 2009,!6
which is comparable to that in the United States.
In Korea, the influenza vaccination rate was
61.1% for adults with asthma from 2010 Korean
Community Health Survey (=19years of age).!®
However, in another recent Korean study using
2017 Korea Youth Risk Behavior Web-Based
Survey, the influenza vaccination rate was 41.8%
in Korean adolescents (13—18years of age) with
asthma.!?
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Table 2. Factors associated with influenza vaccination in subjects with asthma.

Total subjects (n=1643) Young subjects with asthma Elderly subjects with asthma
(n=999) (n=644)
aOR (95% Cl) p value aOR (95% Cl) p value aOR (95% Cl) p value

Age (years])

18-64 Ref. - - - -

=65 6.49 (4.35-9.67)  <0.001 - - i i
Sex

Male Ref. Ref. Ref.

Female 1.72 (1.21-2.44)  0.002 1.66 (1.11-2.49) 0.014 1.73 (0.75-4.03) 0.201
BMI (kg/m2]

Underweight 0.77 (0.36-1.65) 0.507 1.10 (0.56-2.17) 0.781 0.29 (0.09-0.97) 0.044

Normal Ref. Ref. Ref. -

Overweight or 0.90 (0.68-1.20) 0.478 0.86 (0.61-1.20) 0.370 0.92 (0.50-1.69) 0.795

obese
Smoking status

Non-smoker Ref. Ref. Ref.

Past smoker 1.26 (0.85-1.86) 0.252 1.14(0.71-1.84) 0.589 1.75 (0.78-3.95) 0.174

Current smoker 0.69 (0.45-1.06) 0.093 0.75 (0.46-1.21) 0.235 0.68 (0.26-1.75) 0.419
Marital status

Unmarried 0.51(0.37-0.71)  <0.001 0.50 (0.34-0.75) <0.001 0.52 (0.29-0.94) 0.030

Married Ref. Ref. Ref.
Income

Low 0.88(0.59-1.31) 0.536 1.14 (0.74-1.77) 0.545 0.42(0.18-0.97) 0.042

Intermediate 0.79 (0.59-1.08) 0.138 0.80 (0.56-1.13) 0.202 0.76 (0.34-1.71) 0.510

High Ref. Ref. Ref. -
Education

Elementary school Ref. Ref. Ref. -

graduate

Middle/high school 0.72 (0.48-1.08) 0.114 0.66(0.38-1.12) 0.125 0.88 (0.42-1.86) 0.736

graduate

College graduate  0.65(0.41-1.03) 0.068 0.64 (0.36-1.12) 0.115 0.54 (0.15-1.99) 0.352
Regular walking 0.93(0.71-1.22) 0.617 0.79 (0.57-1.08) 0.140 1.76 (0.90-3.42) 0.098
Any respiratory 1.11 (0.76-1.63) 0.588 1.22 (0.76-1.96) 0.407 0.93 (0.49-1.80) 0.837
symptoms

[Continued]
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Table 2. (Continued)

Total subjects (n=1643)

Young subjects with asthma

Elderly subjects with asthma

(n=999) (n=644)
aOR (95% Cl) p value aOR (95% CI) p value aOR (95% Cl) p value
Asthma status
No current asthma Ref. Ref. Ref. -
Current asthma 0.93 (0.65-1.32) 0.672 0.87 (0.58-1.31) 0.499 0.99 (0.45-2.14) 0.972
being untreated
Current asthma 1.82(1.32-2.51)  <0.001 1.69 (1.14-2.50) 0.009 1.80 (0.93-3.50) 0.081
being treated
Physical limitations ~ 1.11(0.77-1.58) 0.577 1.08 (0.68-1.71) 0.743 1.26 (0.64-2.49) 0.506
Comorbidities
Pulmonary 1.55 (0.92-2.63) 0.100 2.01(1.04-3.87) 0.037 1.01 (0.47-2.13) 0.987
tuberculosis
Hypertension 1.47 (1.07-2.01)  0.018 1.34 (0.90-1.98) 0.151 1.70 (0.92-3.14) 0.092
Diabetes mellitus  1.03 (0.64-1.66) 0.912 1.23(0.62-2.42) 0.548 0.89 (0.42-1.91) 0.767
Dyslipidemia 1.75(1.07-2.85)  0.026 1.86 (1.05-3.30) 0.035 1.20 (0.35-4.14) 0.770
Allergy
Atopic 0.77 (0.45-1.34) 0.355 0.86 (0.48-1.53) 0.605 0.61(0.15-2.46) 0.486
dermatitis
Allergic rhinitis  0.92 (0.61-1.37) 0.669 0.99 (0.62-1.56) 0.954 0.73(0.28-1.92) 0.522
Cardiovascular 0.77 (0.40-1.48)  0.433 0.73 (0.24-2.23) 0.585 0.74 (0.29-1.86) 0.518

disease

OR, odds ratio; Cl, confidence interval.
Bold font indicates statistical significance.

After the 2009 influenza pandemic, only a few
studies have investigated the influenza vaccination
rates in subjects with asthma,!81° and studies that
have evaluated the long-term trend of influenza
vaccination are even scarcer. Previously, World
Health Assembly recommended increasing influ-
enza vaccination coverage up to at least 75% in
subjects with underlying diseases. Surprisingly,
contrary to expectations, the influenza vaccination
rate in subjects with asthma remains suboptimal
and has not increased over the last decade. This
suggests that despite national and international
asthma guidelines emphasizing the importance of
influenza vaccination for asthmatics,'213 the cur-
rent vaccination strategies are insufficient to
encourage them to be vaccinated. Moreover, given
that coinfection with SARS-CoV-2 and influenza

virus was associated with a higher risk of poor out-
comes,26:27 it would be important to re-evaluate
whether influenza vaccination for asthma is ade-
quately implemented in each country.

Many factors are associated with influenza vacci-
nation rates in subjects with asthma, and a well-
known factor is age.16-18:21,28 I a pooled analysis
of a national population-based survey of Canada,
Guthrie er al.?® reported the rate of ‘feeling that
influenza vaccine was unnecessary’ was 1.6-fold
higher in adult asthmatics aged 1824 years than
those aged 55—64years. Our study showed that
only 38% of young subjects with asthma were
vaccinated, whereas almost 90% of elderly sub-
jects with asthma were vaccinated. First, this large
difference may be explained by public policies.
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The Korean government expanded the coverage
for free influenza vaccination from 2005 to
include elderly subjects (aged = 65 years),3° which
might have contributed to the results of our study.
Second, it is known that many young adults are
hesitant to be vaccinated against various diseases,
including influenza.3! The suggested reasons are
unawareness of vaccination recommendations,
mistrust of vaccination effects, and confidence in
their health.!7-28 Whether influenza infection in
young subjects with asthma who had infrequent
asthma symptoms is associated with severe out-
comes remains unclear. However, it is well known
that subjects with mild asthma are still at risk of
severe asthma exacerbation,3? and exposure to
viruses that might trigger this is unpredictable.
Thus, clinicians should evaluate the influenza
vaccination status of young subjects with asthma
and make greater efforts to vaccinate them against
influenza.

In line with the previous studies in asthmat-
ics,15:18:33 we found increased adherence to influ-
enza vaccination in women and in subjects who
were married. In addition, subjects who received
asthma treatment and had a history of pulmonary
tuberculosis and dyslipidemia were more likely to
be vaccinated against influenza. It seems natural
that subjects who have been treated in the past or
are currently receiving treatment for respiratory
diseases, such as asthma and pulmonary tubercu-
losis, are more prone to influenza vaccination.!®
Subjects with chronic diseases, such as diabetes
and dyslipidemia, might have higher chances to
interact with health care providers than those
without chronic diseases. Moreover, physicians
will probably pay more attention to influenza pre-
vention in their patients. This is because patients
with chronic diseases may be at a higher risk of
serious influenza-related outcomes if they also
have asthma.3* These circumstances may lead to
increased vaccination uptake. However, the exact
social or biological mechanism of these factors
leading to influenza vaccination remains an issue
warranting future studies.

Moreover, being underweight, being unmarried,
and having a low income were found to be related
to decreased influenza vaccination rates among
elderly subjects with asthma. The benefits from
vaccination might be greater in this population, as
these are known to be associated with various
health issues.3537 Nevertheless, misbeliefs caused

by a lack of information, such as concerns about
vaccine side effects, may prevent this population
from becoming vaccinated.?® Although the overall
influenza vaccination rate is sufficient in elderly
subjects with asthma, it is necessary to examine
whether there are other underprivileged popula-
tions within the elderly.

The strength of this study is that recent influenza
vaccination rates among subjects with asthma were
analyzed using nationally representative survey
data. Through a 10-year trend analysis, our study
found that the asthma guidelines’ recommenda-
tions for influenza vaccination are not followed in
the real world. Nonetheless, very few studies have
reported influenza vaccination trends among asth-
matic subjects after the 2009 influenza pandemic.
Therefore, similar studies need to be conducted in
each country to investigate and improve the
national influenza vaccination rates in subjects
with asthma. Another strength is that comprehen-
sive factors were included to evaluate their associa-
tion with influenza vaccination, which can help
identify subgroups of subjects with asthma in
whom to encourage vaccination. However, our
study had some limitations. First, the causal rela-
tionship identified was uncertain because our
study was conducted using cross-sectional data.
Second, recall bias was possible because a history
of asthma and influenza vaccination was assessed
using a questionnaire. Third, common barriers to
influenza vaccination among asthmatics, such as
support for vaccination and worries about being
sick after vaccination,?® were not investigated in
this study. Fourth, although we included the vari-
able of current treatment status (being treated ver-
sus untreated) in the analysis, we could not include
detailed information on treatment, such as asthma
duration or treatment steps, because these data
were not available in the KINHANES dataset.
Fifth, in some categories, such as underweight
elderly subjects, the number of subjects was rela-
tively small. Findings in these categories require
cautious interpretation. Finally, the uniqueness of
the Korean medical system should be considered
when interpreting the results because Korea imple-
ments the National Health Insurance System.
Therefore, generalizations to other countries must
be carefully made.

In conclusion, influenza vaccination rates have
been insufficient in subjects with asthma in the
last 10years. The influenza vaccination rate was
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consistently lower in young subjects with asthma
than that in the elderly. In young subjects with
asthma, female sex, current asthma treatment,
history of pulmonary tuberculosis, and dyslipi-
demia were positively associated with influenza
vaccination, whereas an unmarried status was
negatively associated. Public policies to increase
influenza vaccination rates in subjects with
asthma, considering the factors that are influenc-
ing the vaccination rates of young subjects,
urgently need to be established.
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