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Background
The decision to receive vaccinations, including the influ-
enza vaccine, often hinges on a careful balance between 
perceived benefits and potential drawbacks [1, 2]. These 
benefits comprise not just personal protection against 
severe illnesses but also broader societal advantages, 
including curbing disease transmission and fostering 
community health through herd immunity. Conversely, 
potential deterrents may encompass apprehensions 
about side effects, injection-related discomfort, and, 
in certain instances, financial implications [3]. Hence, 
detailed comprehension of these aspects is pivotal for 
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Abstract
Background  This study aimed to investigate the sociodemographic and behavioral factors related to increased 
influenza vaccination uptake during the COVID-19 pandemic in South Korea, particularly among adults not eligible for 
free vaccination.

Methods  Analyzing data from 78,815 participants in the Korea National Health and Nutrition Examination Survey 
(2010–2021), we assessed trends in influenza vaccination coverage. Various sociodemographic factors, behavioral 
aspects, and psychological stress levels were assessed using multivariable logistic regression to evaluate the 
difference in vaccination response during pre-/post-COVID-19 periods.

Results  Lowest income quartile households exhibited decreased influenza vaccination uptake during the pandemic 
(adjusted odds ratio 0.67, p = 0.011), whereas higher income quartiles exhibited increased uptake. In the lowest 
income households, unemployed status of household was additionally associated with decreased influenza vaccine 
uptake (adjusted odds ratio 0.50, p = 0.003).

Conclusions  This study identified income-based disparities in the responsive increase of influenza vaccination 
during the COVID-19 pandemic. Lower-income households exhibited a disproportionate reduction in influenza 
vaccine uptake, emphasizing the need for targeted support systems and expanded free vaccination for prioritized 
groups to address these disparities.
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healthcare policymakers to foster strategies promoting 
vaccine uptake [4].

National policies endorsing free immunization pro-
grams serve as an efficacious instrument in mitigating 
these barriers. Since 1997, the Republic of Korea has 
been implementing free influenza vaccination for chil-
dren, the elderly, and pregnant women [5, 6]. The cov-
erage of this program has been systematically expanded 
over time, supplemented by diverse promotional activi-
ties to bolster vaccination rates. In response to that, the 
influenza vaccination coverages of these specific groups 
increased steeply after the onset of free vaccination sup-
port [7, 8, 9].

After the outbreak of COVID-19 pandemic in early 
2020, influenza vaccination uptake increased in the 
majority of OECD countries [10, 11, 12, 13, 14, 15]. And 
plenty of studies presented that the COVID-19 pandemic 
increased the intention for influenza vaccination interna-
tionally [12, 16]. This change is attributed to promotional 
efforts undertaken by the nations to mitigate the threat 
of concurrent respiratory illnesses, and proactive behav-
ior changes of individuals to protect their health against 
the co-infection. In South Korea, a similar increase in 
influenza vaccination was observed in the working age 
population, who were not the target of the free vaccina-
tion policy [9]. This increase in influenza vaccination in 
response to COVID-19 could be influenced by various 
factors, such as sociodemographic aspects, financial sta-
tus of households, or intrinsic health-related behaviors.

The objective of this study is to identify such factors 
associated with the increase of influenza vaccination 
uptake during a respiratory pandemic, within the context 
of the COVID-19 pandemic in South Korea. We espe-
cially focused on the adults who were not supported by 
free influenza vaccination, to effectively investigate the 
effect of sociodemographic and behavioral factors. Ulti-
mately, our goal is to provide insights for future research 
and policymaking on the promotion of influenza vac-
cination, by analyzing diverse public responses to the 
heightened sense of crisis prompted by the COVID-19 
pandemic.

Methods
Study population and design
We employed data sourced from the Korea National 
Health and Nutrition Examination Survey (KNHANES), 
and annual cross-sectional survey conducted by the 
Korea Disease Control and Prevention Agency (KDCA) 
from 2010 to 2021. KNHANES assesses the health 
and nutritional status of the South Korean population 
through comprehensive health screenings, interviews, 
and nutritional assessments. Conducted by specialized 
teams, the survey collects an array of data encompassing 
clinical, biochemical, physical, and lifestyle data, as well 

as information on education, economic activities, and 
oral hygiene practices. All participants provided written 
informed consent [5, 17].

Our analysis includes data from KNHANES V (2010–
2012), VI (2013–2015), VII (2016–2018), and VIII (2019–
2021). However, data from the 2013 KNHANES were 
excluded due to the unavailability of the influenza survey 
data for that year. Participants who either overlooked the 
influenza survey question (13,229) or responded with “I 
do not know” (3,266) were also excluded from the study. 
This resulted in a final participant count of 78,815, out of 
an initial pool of 95,310 respondents.

We first analyzed trends in influenza vaccination cov-
erage from 2010 to 2021, stratifying the data based on 
prioritized groups of influenza vaccination. Subsequently, 
influenza vaccination coverage during the pre-COVID-19 
(2018/2019) and post-COVID-19 (2020/2021) periods 
were compared. Furthermore, we performed multivari-
able logistic regression analyses to examine the interac-
tion effect on influenza vaccination uptake, between the 
temporal difference (pre-/post-COVID-19) and other 
factors including sociodemographic variables, behavioral 
aspects such as dining out and walking out frequency, 
and mental health parameters like psychological stress 
level.

Free vaccination groups
The prioritized group for influenza vaccine designated 
by the Centers for Disease Control and Prevention 
(CDC) and KDCA is presented in Table 1. Free vaccina-
tion groups in South Korea were selected based on these 
national guidelines: children, the elderly, and pregnant 
women. Free vaccination program started first in 2005 for 
adults aged ≥ 65 and has been expanded to children aged 
6 months to 5 years in 2017, children aged 6 to 12 years 
in 2018, pregnant women in 2019, and children aged 13 
years in 2020. In addition, adults aged 62–64, children 
aged 14–18, and some disabled and medical beneficia-
ries temporarily received free vaccination during the 
2020–2021 season under the COVID-19 outbreak [18]. 
According to the 2023 KDCA, children aged 13 or less, 
adults aged 65 or more, and pregnant women were cur-
rently eligible for free vaccination. Adults with chronic 
diseases, immunosuppressed, and health care personnel 
had not been provided with the free vaccination despite 
being included in the prioritized group.

Measures
Influenza vaccination status was assessed by self-
reported responses gathered through health interviews, 
querying individuals about their receipt of influenza vac-
cines within the past 12 months. The vaccination rate 
was computed as the ratio of individuals responding ‘Yes’ 
to the sum of individuals responding either ‘Yes’ or ‘No’. 
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Data labeled as ‘Unknown’ or ‘null’ were excluded from 
the analysis.

Chronic diseases were categorized as follows: malig-
nancies (including lung, breast, stomach, colon, liver, 
cervical, thyroid, and others), kidney diseases (diabe-
tes mellitus and chronic renal disease), heart diseases 
(coronary heart disease, angina, myocardial infarction, 
and stroke), liver diseases (chronic viral hepatitis and 
liver cirrhosis), and lung diseases (bronchial asthma and 
tuberculosis).

The following sociodemographic factors were assessed: 
sex (male or female), smoking status (current smoker or 
not, only in adults), residency area (rural or city), edu-
cation years (≤ 9, 10–12, and ≥ 13 years), and household 
income (in four quartiles).

We further examined the frequency of eating out 
and walking out, as well as psychological stress levels, 
to explain the behavioral aspect of the change in the 
influenza vaccine uptake during the COVID-19 pan-
demic. Psychological stress levels were assessed based 
on respondent’s subjective stress level in daily life, cat-
egorized into four levels. The two higher levels and 
the two lower levels were specified as “high” and “low”, 
respectively.

The employment status of households was additionally 
analyzed and categorized into three groups depending on 
the employment status of household members: all unem-
ployed, all part-time or self-employed except unem-
ployed members, or any full-time employment within the 
household.

Statistical analysis
Bivariate associations of categorical variables were evalu-
ated by chi-square tests. Associations between influenza 
vaccination uptakes and COVID-19 periods, sociode-
mographic factors, behavioral factors, and psychologi-
cal stress level were assessed using multivariable logistic 
regression. Fully interacted models, including all two-
way interaction terms between COVID-19 periods and 
the other factors, were constructed to assess the effect 
of COVID-19 periods on influenza vaccination uptake 
across various subgroups. The adjusted odds ratios 
(aORs) of COVID-19 periods for each subgroup were 
calculated from the weighted sum of coefficients of the 
COVID-19 period and all interaction terms, except the 
interaction term of the subgroup itself, which was added 
or excluded according to the subgroup’s class. Standard 
errors were calculated as the square roots of the weighted 
sum of their covariances. The aOR ratios were also cal-
culated using the coefficients of the interaction terms to 
compare the effect of COVID-19 periods on influenza 
vaccination among the subgroups’ classes. The coeffi-
cients, standard errors, and covariance matrices of all 
multivariable regression models used in the study are 
presented in Additional file 2. Changes in vaccination 
rates over time were assessed using p for trend. Statisti-
cal significance was determined for two-tailed p-values 
below 0.05. P-values, p-values for trend, 95% confidence 
intervals (CIs), and aORs were reported as indicated. 
Sample weights were adjusted to account for selection 
probability, survey non-response, post-stratification, and 
trimming of extreme weights. These data were analyzed 
using STATA® version 18 for Windows (StataCorp LLC, 
College Station, TX, USA) and R Statistical Software ver-
sion 4.2.1 for Windows (R Core Team).

Results
Demographic characteristics of the study population
Table  2 summarizes the general characteristics of the 
study population. The total number of participants was 
78,815 (50.1% female). Approximately two out of three 
participants were between 19 and 61 years of age. The 
majority of participants resided in urban areas (83.7%). 
Education year groups (9 or fewer years, 10–12 years, 
and 13 or more years) comprised similarly between 30 
and 40%. A higher proportion of participants belonged 
to the upper household income quartiles (3Q 30.2%, 4Q 
30.2%), and the proportion of current smokers at the 

Table 1  The prioritized groups for influenza vaccine designated 
by CDC and KDCA
CDC KDCA
· Children aged 6–59 months · Children aged 6–59 months

· Children aged 5–18 years
· The elderly aged ≥ 65 · The elderly aged ≥ 65
· People aged ≥ 50 · People aged 50–64
· People with chronic diseases a · People with chronic 

diseases a

· People who are immunosuppressed · People who are 
immunosuppressed

· Pregnant women · Pregnant women b

· People aged 6 months – 18 years on 
long-term aspirin or salicylate-contain-
ing medications

· People aged 6 months – 18 
years on long-term aspirin 
or salicylate-containing 
medications

· People who live in nursing homes and 
other long-term care facilities

· People who live in nursing 
homes and other long-term 
care facilities

· American Indian or Alaska Native 
persons
· Obese people with BMI ≥ 40
· Health care personnel · Health care personnel
· Household contacts and caregivers of 
children aged < 5, adults aged ≥ 50, and 
people with medical conditions

· Household contacts and 
caregivers of infant aged < 6 
months, adults aged ≥ 65, 
pregnant women, and peo-
ple with medical conditions

a Chronic pulmonary (including asthma), cardiovascular (excluding isolated 
hypertension), renal, hepatic, neurologic, hematologic, or metabolic disorders 
(including diabetes mellitus)
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investigation was 23.3%. Also, 60.1% ate out three or 
more times a week, 32.8% walked outside two or fewer 
times a week, and 27.6% reported high levels of stress. 
Furthermore, four prioritized groups of influenza vaccine 
were examined. Children aged 18 or less, adults aged 65 
or more, pregnant women, and adults aged 19–64 with 
chronic diseases constituted 18.6%, 13.0%, 0.4%, and 
10.4%, respectively.

Trends in vaccination coverages among the different age 
groups
Figure 1 presents the trend in influenza vaccination cov-
erages in South Korea over the 11-year period from 2010 
to 2021. Influenza vaccination uptakes of children aged 
0–13 years exhibited steep increases after the start of 
free vaccination in the years 2017, 2018, and 2020. Adults 
aged 65 and older, who had received free vaccination 
since 2005, presented a gradual increase in vaccination 
uptake until 2019. However, after the COVID-19 pan-
demic, it decreased conversely and remained low in 2021. 
In contrast, the influenza vaccination uptake in adults 
aged 19–61 gradually increased from 2010 and also com-
parably increased after the COVID-19 pandemic.

Table  3 compares the influenza vaccination uptakes 
between the two periods: pre-COVID-19 (year 2018 
and 2019) and post-COVID-19 (year 2020 and 2021). 
Compared to pre-COVID-19, the influenza vaccina-
tion uptake in adults aged 19–61 increased in the post-
COVID-19 period, with odds ratios of 1.29(1.11–1.50) 
and 1.38(1.26–1.50) for those without or with chronic 
diseases, respectively. In free vaccination groups, vacci-
nation uptake in children increased highly, and those in 
older adults and pregnant women decreased or equivo-
cally changed.

In addition, the influenza vaccination uptakes of the 
total population during 1st year (2020) and 2nd year 
(2021) of the COVID-19 pandemic were compared. 
Influenza vaccination uptake in total was higher in 2020 
than in pre-COVID-19 years (46.9% and 43.1%, respec-
tively), and higher in 2021 than in 2020 (50.0% and 46.9%, 
respectively). The increase in influenza vaccination 
uptake in 2021 was mostly driven by people who were 
not eligible for free vaccination. In particular, vaccination 
uptake in adults aged 19–61 with chronic diseases was 
notably increased from 31.2 to 36.9% in 2021. Detailed 
results are presented in Additional file 1: Table S1.

Influenza vaccine uptakes in population without free 
vaccination during pre- and post-COVID-19 periods
Table  4 presents the influenza vaccination uptakes in 
adults without free vaccination support during pre- and 
post-COVID-19 periods. The adjusted odds ratios were 
not significantly different from each other subgroup in 
most of the variables, however, the lowest household 
income subgroup presented a different pattern of change 
compared to the other household income subgroups 
with an adjusted odds ratio of 0.67 (95% CI 0.49–0.91, 
p = 0.011).

Furthermore, the aOR ratios among the subgroups 
were calculated from the interaction terms between 
the COVID-19 period and other predictor variables. 
Compared to the subgroup with the lowest household 
income, the odds ratios for influenza vaccination were 

Table 2  General characteristics of the study population 
(n = 78,815)

Total
Sociodemographic factors n weighted %(95%CI)
Age groups ≤ 12 11,588 11.5(11.3–11.8)
(years) 13–18 4,916 7.0(6.8–7.3)

19–61 42,719 64.8(64.5–65.2)
62–64 3,570 3.6(3.4–3.7)
≥ 65 16,022 13.0(12.8–13.3)

Sex Men 35,578 49.9(49.5–50.3)
Women 43,237 50.1(49.7–50.5)

Region City 64,012 83.7(83.4–84.0)
Rural 14,803 16.3(16.0-16.6)

Education ≤ 9 36,251 37.7(37.3–38.1)
(years) 10–12 20,928 30.8(30.4–31.2)

≥ 13 21,428 31.5(31.1–31.9)
Household income 1Q 13,300 14.2(14.0-14.5)

2Q 19,966 25.4(25.0-25.7)
3Q 22,593 30.2(29.8–30.6)
4Q 22,520 30.2(29.8–30.6)

Smoking(adults) No 49,992 76.7(76.3–77.2)
Yes 11,817 23.3(22.8–23.7)

Eat Out Frequency ≥ 3 38,009 60.1(59.7–60.5)
(per week) ≤ 2 31,028 39.9(39.5–40.3)
Walk Outside ≤ 2 22,298 32.8(32.4–33.2)
(per week) ≥ 3 43,303 67.2(66.8–67.6)
Psychological stress Low 60,969 72.4(71.9–72.8)

High 17,846 27.6(27.2–28.1)
Not prioritized groups of influenza vaccine
Age 19–64, no diseases, no pregnant 38,327 57.6(57.1–58.1)
Prioritized groups of influenza vaccine
Age(years) ≤ 18 16,504 18.6(18.3–18.9)

≥ 65 16,022 13.0(12.8–13.3)
Current pregnant 279 0.4(0.3–0.4)
Age 19–64 with diseases 7,683 10.4(10.2–10.7)
Diseases type Malignancies 1,264 15.3(14.4–16.2)

Kidney diseases 2,207 27.9(26.8–29.1)
Heart diseases 881 10.5(9.7–11.3)
Lung diseases 2,574 36.1(34.8–37.4)
Liver diseases 766 10.2(9.4–11.0)

Heart diseases: coronary heart disease, angina, myocardial infarction, stroke

Kidney diseases: chronic renal disease, diabetes mellitus

Lung diseases: bronchial asthma, tuberculosis

Liver diseases: chronic hepatitis, liver cirrhosis

1Q-4Q; 1Q = lowest quartile, 4Q = highest quartile, aOR: adjusted odds ratio, 
95% CI: 95% confidence interval
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approximately two times higher in the other subgroups 
during the post-COVID-19 period. Figure  2 demon-
strates this difference in changes in influenza vaccina-
tion uptakes before and after the COVID-19 outbreak, by 
household income quartile.

Additionally, the same regression analysis was per-
formed only in adults aged 19–61 with chronic diseases, 
who are the priority target of influenza vaccination 
(Additional file 1: Table S2). A similar two-fold discrep-
ancy among household income quartiles was observed. 
Also, the subgroup of adults aged 50–61 also exhibited 
a weaker response compared to the subgroup of adults 
aged 19–49. We also analyzed data comparing 2020 
and 2021, observing similar numerical increase among 
the four household income groups (Additional file 1: 
Tables S3). No specific variable was associated with a 

paradoxical decrease during this period, yet individuals 
in rural areas exhibited a greater increase in uptake than 
those in urban areas (aOR ratio 1.47, 95% CI 1.02–2.13).

Factors related to decreased influenza vaccination 
response in the lowest household income quartile during 
the post-COVID-19 period
We further performed regression analyses only in the 
lowest household income quartile subgroup, to iden-
tify the factors related to the exceptional decrease in 
influenza vaccination uptake. The patterns of influenza 
vaccination uptake change were different by education 
year: vaccination uptake numerically decreased in the 
higher education year subgroup (24.6–16.5%), whereas 
it numerically increased in the lower education year sub-
group (33.9–36.8%), and the aOR ratio was 0.41 (95% CI 

Table 3  Comparison of Influenza vaccination coverage between pre- and post-covid-19 pandemic
Pre Covid-19 (2018–2019) Post Covid-19 (2020–2021)
weighted IVC(95%CI) OR weighted IVC(95%CI) OR p-value

Total 43.1(42.1–44.0) 1 (ref.) 48.5(47.5–49.5) 1.24(1.19–1.30) 0.000
Free vaccination group
Age(years) ≤ 12 77.5(75.4–79.6) 1 (ref.) 82.5(80.4–84.6) 1.37(1.16–1.61) 0.000

13–18 29.5(25.9–33.0) 1 (ref.) 49.0(44.6–53.3) 2.30(1.86–2.84) 0.000
62–64 56.7(52.6–60.8) 1 (ref.) 55.0(50.6–59.3) 0.93(0.75–1.15) 0.516
≥ 65 85.4(84.0-86.9) 1 (ref.) 80.4(78.7–82.0) 0.70(0.61–0.80) 0.000

Currently pregnant 61.7(46.2–77.1) 1 (ref.) 53.8(29.2–78.4) 0.72(0.29–1.96) 0.524
Unsupported group
Age 19–61 without chronic diseases 34.6(31.9–37.3) 1 (ref.) 40.5(37.5–43.6) 1.29(1.11–1.50) 0.001
Age 19–61 with chronic diseases 27.3(26.0-28.7) 1 (ref.) 34.1(32.5–35.8) 1.38(1.26–1.50) 0.000
IVC: influenza vaccination coverage (proportions vaccinated), OR: odds ratio

p-values were obtained by chi-square test

Fig. 1  Trends of influenza vaccination coverages in South Korea during 2010–2021
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0.17–0.98, p = 0.046). Otherwise, the results were sta-
tistically inconclusive due to a relatively low number of 
respondents in the lowest household income quartile 
(n = 1090). The full analysis result is presented in Addi-
tional file 1: Table S4.

We additionally compared the influenza vaccine uptake 
by the employment status of the household, divided as ‘all 
unemployed’, ‘part-time or self-employed’, or ‘at least one 
full-time employed’. In adults aged 19–61, the numbers of 
respondents in the three employment status subgroups 
were similar between pre- and post-COVID-19 peri-
ods, and influenza vaccination uptakes increased simi-
larly among the three subgroups. However, in the lowest 
household income subgroup, the proportion of full-time 
employed households largely decreased in the post-
COVID-19 period. Although it was challenging to sta-
tistically conclude due to a low number of respondents, 
the influenza vaccination uptake in ‘all unemployed’ 

subgroup decreased (aOR 0.50, 95% CI 0.32–0.80) 
whereas that in ‘part-time or self-employed’ subgroup 
stayed similar (aOR 1.00, 95% CI 0.63–1.59). Detailed 
result is provided in Additional file 1: Table S5.

Discussion
This study effectively examined the impact of sociodemo-
graphic and behavioral factors on the change in influenza 
vaccine uptake during the COVID-19 pandemic using 
KNHANES data. The lowest household income quartile 
was related to a weak response to influenza vaccination 
increment during the COVID-19 pandemic, while the 
other factors did not present significant differences.

A noticeable decline in influenza vaccination cover-
ages among adults aged 65 or older is evident during 
COVID-19 pandemic, as illustrated in Fig.  1 and sum-
marized in Table 3. According to our previous studies, it 
was attributed to the conflict between receiving influenza 

Table 4  Multivariable regression analysis in adults aged 19–61
Pre Covid-19 (2018–2019) Post Covid-19 (2020–2021) aOR ratio** p-value2**
weighted IVC(95%CI) aOR* weighted IVC(95%CI) aOR* p-value1*

Total 28.3(27.1–29.4) 1 (ref.) 35.2(33.9–36.4) 1.36(1.25–1.47) 0.000 - -
Sociodemographic factors
Age groups (years) 19–49 26.7(25.3–28.1) 1 (ref.) 33.9(32.2–35.6) 1.43(1.30–1.58) 0.000 1 (ref.) -

50–61 31.4(29.2–33.6) 1 (ref.) 36.1(33.7–38.6) 1.17(1.06–1.29) 0.002 0.82(0.68–0.99) 0.037
Sex Men 24.1(22.4–25.8) 1 (ref.) 28.9(26.9–30.8) 1.29(1.14–1.45) 0.000 1 (ref.) -

Women 32.2(30.6–33.9) 1 (ref.) 40.5(38.6–42.5) 1.41(1.25–1.59) 0.000 1.11(0.93–1.33) 0.232
Smoking No 30.2(28.8–31.6) 1 (ref.) 37.3(35.7–39.0) 1.38(1.26–1.51) 0.000 1 (ref.) -

Yes 21.9(19.5–24.2) 1 (ref.) 25.9(23.1–28.7) 1.25(1.14–1.38) 0.000 0.91(0.74–1.12) 0.368
Region City 28.0(26.7–29.2) 1 (ref.) 34.3(32.8–35.9) 1.34(1.23–1.46) 0.000 1 (ref.) -

Rural 29.1(25.8–32.4) 1 (ref.) 36.1(32.4–39.8) 1.44(1.32–1.56) 0.000 1.07(0.84–1.37) 0.572
Education (years) ≤ 9 33.5(29.4–37.5) 1 (ref.) 40.9(35.7–46.1) 1.65(1.22–2.22) 0.001 1 (ref.) -

10–12 24.7(22.9–26.6) 1 (ref.) 32.5(30.4–34.7) 1.49(1.11–2.01) 0.009 0.91(0.66–1.25) 0.550
≥ 13 29.8(28.1–31.5) 1 (ref.) 35.3(33.3–37.2) 1.19(0.88–1.61) 0.247 0.72(0.52-1.00) 0.052

Income 1Q 26.3(22.3–30.3) 1 (ref.) 19.6(15.8–23.3) 0.67(0.49–0.91) 0.011 1 (ref.) -
2Q 26.9(24.4–29.3) 1 (ref.) 32.9(29.9–36.0) 1.32(0.96–1.80) 0.086 1.98(1.39–2.82) 0.000
3Q 27.0(24.9–29.1) 1 (ref.) 33.9(31.5–36.4) 1.38(1.01–1.89) 0.044 2.07(1.47–2.92) 0.000
4Q 30.1(28.1–32.1) 1 (ref.) 38.9(36.6–41.2) 1.56(1.14–2.13) 0.006 2.34(1.66–3.29) 0.000

Chronic diseases 0 26.6(25.2–27.9) 1 (ref.) 33.2(31.6–34.8) 1.35(1.23–1.48) 0.000 1 (ref.) -
1+ 33.9(31.2–36.6) 1 (ref.) 39.3(36.3–42.3) 1.34(1.23–1.47) 0.000 1.00(0.82–1.21) 0.970

Eat Out Frequency ≥ 3 26.9(25.5–28.3) 1 (ref.) 33.7(31.9–35.5) 1.37(1.24–1.51) 0.000 1 (ref.) -
(per week) ≤ 2 30.8(28.7–33.0) 1 (ref.) 35.9(33.7–38.1) 1.31(1.19–1.45) 0.000 0.96(0.81–1.14) 0.653
Walk Outside ≤ 2 27.6(25.6–29.7) 1 (ref.) 33.1(30.7–35.5) 1.30(1.13–1.49) 0.000 1 (ref.) -
(per week) ≥ 3 28.3(26.8–29.7) 1 (ref.) 35.3(33.5–37.0) 1.38(1.20–1.58) 0.000 1.06(0.90–1.26) 0.479
Stress Low 28.3(26.9–29.7) 1 (ref.) 34.2(32.5–35.9) 1.31(1.19–1.44) 0.000 1 (ref.) -

High 27.6(25.4–29.8) 1 (ref.) 35.4(32.8–38.0) 1.44(1.31–1.59) 0.000 1.10(0.93–1.31) 0.272
1Q-4Q; 1Q: lowest quartile, 4Q: highest quartile, aOR: adjusted odds ratio, 95% CI: 95% confidence interval

IVC: influenza vaccination coverage (propotions vaccinated)

Model: Vaccination status ~ covid-19 period + age + gender + smoking + region + education + income + chronic diseases + eat out frequency + walk outside 
+ stress + covid-19 period * age + covid-19 period * sex + covid-19 period * smoking + covid-19 period * region + covid-19 period * education + covid-19 period * 
income + covid-19 period * chronic diseases + covid-19 period * eat out frequency + covid-19 period * walk outside + covid-19 period * stress

*aORs of COVID-19 period in each subgroup were obtained from weighted sum of coefficients of COVID-19 period and all interaction terms except the interaction 
term of the subgroup itself, which was fully added or excluded by the subgroup’s class. Standard errors were calculated by square root of the weighted sum of their 
covariances

**aOR ratios were obtained from the coefficients of the interaction terms
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vaccinations in crowded South Korean hospitals and the 
imperative for social distancing to curb COVID-19 trans-
mission, especially among older adults [9]. In addition, 
the vaccination uptake in Korean adults aged 65 or older 
was already high before the COVID-19 outbreak, which 
was about 84% [19].

Other free vaccination targets such as adults aged 
62–64 and pregnant women also exhibited numeri-
cal decreases in influenza vaccination uptakes, despite 
the recent introduction to the free influenza vaccina-
tion (from 2019 for pregnant women, and adults aged 
62–64 in 2020). However, in 2021, their vaccination 
uptakes were recovered to the pre-COVID-19 levels. It 
can be speculated that the initial decreases in 2020 were 
attributed to similar risk-reducing behaviors against the 
COVID-19 outbreak, and they seemed to play a more 
significant role in determining the influenza vaccination 
behavior than free vaccination policy, especially in these 
two delicate groups compared to younger and non-preg-
nant people.

Influenza vaccination uptake in adults without free 
vaccination support increased moderately in the post-
COVID-19 period. This response exhibited similarly 
in specific prioritized subgroups, such as adults with 
chronic diseases or adults aged 50 or older. All regression 

analyses demonstrated the absolute and relative decrease 
of influenza vaccine uptake in the lowest household 
income subgroup compared to higher income subgroups. 
As these groups are not covered by the national vaccina-
tion program, they had to get the flu vaccine at their own 
expense. In South Korea, the flu vaccine was not cov-
ered by health insurance, and its price was about $20 to 
$30 on average in 2020 [20]. Although the price was not 
extremely expensive, it appears to have been a financial 
burden in relatively poor households. Therefore, while 
COVID-19 has had a positive influence on flu vaccina-
tion, it is likely that the actual increase in uptake has been 
driven by those who were capable and willing to cover 
vaccination costs.

There are several study results suggested that COVID-
19 affected more negatively to socioeconomically vulner-
able populations and worsened economic inequality [21, 
22, 23]. In South Korea, income inequality did not appear 
to worsen in 2020 owing to the existed income mainte-
nance system and disaster relief fund [24, 25]. However, 
while income inequality was numerically similar, we can 
glimpse that households of lower income’s actual finan-
cial ability to consume healthcare services was weak-
ened during the COVID-19 pandemic through this study 
result.

Fig. 2  Adjusted influenza vaccination coverage in adults aged 19–61 (% with 95% CIs) by household income quartile
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We included several behavioral variables such as eating 
out frequency, walking out frequency, and psychologi-
cal stress level expecting that they could be a bridge to 
explain the behavioral aspect underlying influenza vac-
cination. However, the data presented no definite rela-
tionship among them. In the lowest-income households, 
there was a correlation between high education level and 
larger decrease in influenza vaccination uptake. There 
are several research findings suggest that higher educa-
tion levels may increase vaccination hesitancy in some 
settings [26, 27, 28]. However, it is intriguing that in this 
study, such results are particularly pronounced in the 
low-income households. It can be speculated that sev-
eral vaccine hesitancy factors associated with educational 
level such as health literacy had combined effect with 
financial barrier on influenza vaccination in this popu-
lation. Unemployment was also found to be associated 
with reduced influenza vaccination in low-income house-
holds, which also implies the increased financial burden 
for vaccine uptake and the limited role of the income 
maintenance system during the post-COVID-19 years.

The initiation of COVID-19 vaccination in 2021 may 
have influenced the vaccination behaviors. In Korea, 
the COVID-19 vaccination program began on Febru-
ary 26th, 2021, targeting specific high-risk population, 
and was extended to the general population in August 
2021 [29, 30]. Since the survey data in this study was col-
lected evenly throughout the year, some responses likely 
reflected the influenza vaccination during the 2021–2022 
season. The observed increase in influenza vaccina-
tion uptake in 2021 compared to 2020 may be partially 
attributed to the COVID-19 vaccination program. This 
program naturally exposed individuals to healthcare 
facilities, where they may have received advice to also 
get vaccinated against influenza. Although simultane-
ous administration of COVID-19 and influenza vaccines 
was permitted, it was not explicitly recommended to 
ensure smooth monitoring of adverse reactions to the 
COVID-19 vaccine—only 0.46% of influenza vaccine 
recipients received both vaccines simultaneously dur-
ing the 2021–2022 season [31, 32]. Nonetheless, policies 
such as sequential vaccination campaigns and increased 
exposure to healthcare messaging from medical profes-
sionals may have positively influenced influenza vaccina-
tion uptake. According to KDCA data, the vaccination 
rate among adults aged 65 and older rose from 77.4% in 
the 2020–2021 season to 80.5% in the 2021–2022 season 
[18]. In our study, the increase was more pronounced 
among individuals with chronic diseases in unsup-
ported groups, suggesting that this population may have 
been more responsive to behavioral changes due to their 
comorbidities than healthy individuals. Additionally, no 
significant income-based disparities were observed in the 
increase in vaccination uptake during this period.

Free vaccination has been especially powerful in South 
Korea to achieve high vaccination uptake in priori-
tized groups. In respiratory pandemic situations such as 
COVID-19, the cost-effectiveness of influenza vaccina-
tion becomes much higher than usual, and accomplish-
ing a sufficient level of vaccination uptake in the working 
age population becomes also important. Furthermore, 
they still include a significant number of priority targets 
of influenza vaccination who are currently not financially 
supported for vaccination, such as people with chronic 
diseases, immunocompromised, and middle-aged adults. 
Therefore, we must consider the economic inequality 
in response to pandemic situations and its influence on 
influenza vaccination to effectively distribute govern-
ment finances. Moreover, solid and specific supporting 
system and policies focusing on influenza vaccination 
seems to be needed other than general financial sup-
port to cope with the respiratory pandemic. Last but 
not least, the current scope of free influenza vaccina-
tion must be expanded at least in the unsupported pri-
oritized groups to mitigate the underlying income-based 
vaccination inequality. Among adults without free vac-
cination support, adults aged 50–64 accounted for about 
the two-third (63.8%) of people with chronic diseases in 
post-COVID-19 years. Therefore, gradually lowering the 
age limit of free vaccination would be one of the simplest 
and most effective approaches to assist the remaining 
high-risk groups for influenza.

The study has several limitations. First, the generaliza-
tion issue is present because the study only collected data 
from South Korea. Differences in geographical and socio-
cultural backgrounds such as accessibility to healthcare 
facilities, level of stay-at-home orders during the pan-
demic, price of flu vaccine, and psychological hesitancy 
are all related to vaccination, and the influence can vary 
from one country to another. Second, subgroup analy-
sis in the lowest income quartile group was statistically 
inconclusive because relatively lower number of people 
in that subgroup participated in the survey. Third, the 
KNHANES data did not obtain the data about the vac-
cination intention. We estimated this indirectly from the 
vaccination uptakes and other behavioral factors, how-
ever, it could not fully represent the actual individuals’ 
intention for vaccination. Lastly, as the survey used in 
this study did not include COVID-19 vaccination-related 
questions or other COVID-19-specific factors, we were 
unable to directly analyze their influence on our findings.

Conclusions
The identified income-based disparities in influenza vac-
cination uptake during the COVID-19 pandemic high-
light the need for targeted strategies to address financial 
barriers faced by lower-income households. Public health 
initiatives should focus on providing accessible and 
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affordable vaccination options, incorporating specific 
supporting systems including subsidies for vaccination or 
outreach programs tailored to lower-income households. 
Ultimately, the pivotal step in addressing these dispari-
ties is the expansion of free vaccination within prioritized 
groups, ensuring that cost is not an obstacle to achiev-
ing widespread coverage and promoting community 
resilience.
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