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Abstract: Few studies have examined the influenza vaccination rates among stroke survivors despite the importance of vaccines in preventing influenza- and stroke-related complications. Thus,
we investigated the vaccination rates and the associated factors among stroke survivors using the
representative Korea National Health and Nutrition Examination Survey 2014–2018. We measured
and compared the vaccination rates of 591 stroke survivors and 17,997 non-stroke survivors. Multivariate logistic regression analyses of all stroke survivors and age subgroups (<65 and ≥65 years)
were performed to identify the factors influencing vaccination. The overall vaccination rate was
significantly higher in the stroke survivors (64.8%) than in the non-stroke survivors (41.1%), but it
was low compared to global standards. Among stroke survivors aged <65 years, the rate was low
(37.5%), but it improved in those aged ≥65 years (85.6%). Age ≥65 years, the eligible age for the
national free vaccination program was the most prominent predictor of vaccination for all stroke
survivors, while smoking was a negative predictor. No significant factors were found in the subgroup
analyses according to age (<65 and ≥65 years). Therefore, implementing strategic public health
policies, such as expanding the free vaccination program to stroke survivors aged <65 years, may
improve vaccine coverage.

Academic Editor: Giuseppe La Torre

Keywords: influenza; vaccination; stroke survivors; associated factors; KNHANES
Received: 24 May 2021
Accepted: 5 July 2021
Published: 8 July 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affiliations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses/by/
4.0/).

1. Introduction
Influenza is a highly contagious infectious disease that can cause serious complications
and even mortality, especially among high-risk populations, such as elderly patients and
individuals with chronic conditions [1–3]. The number of influenza-associated respiratory
deaths worldwide was estimated to be 290,000–650,000 cases in 2018 [4,5]. Previous studies
have reported that the annual influenza vaccination is a safe and cost-effective method for
preventing influenza and its complications in high-risk groups [6–9]. Therefore, guidelines
for influenza immunization in Korea and other countries strongly recommend high-risk
individuals, including those with cardiovascular diseases, to receive seasonal influenza
vaccines [10,11]. Patients with a history of stroke, a major atherosclerotic vascular disease,
are also required to receive an annual influenza vaccination as they are more vulnerable to
influenza-related complications, including death [6,7,12]. Furthermore, previous studies
have reported that influenza infection also directly triggers stroke morbidity and strokerelated mortality [13,14], which could be prevented by influenza vaccination [15–19]. The
American Heart Association and the American College of Cardiology recommend that
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patients with coronary and other atherosclerotic vascular diseases should receive influenza
vaccination for secondary prevention [20]. Nevertheless, very few studies have examined
the coverage rates of influenza vaccination and its affecting factors among stroke survivors.
Some nationwide studies conducted in the United States and Korea investigated the
influenza vaccination status of patients with cardiovascular diseases, including stroke
survivors, and found suboptimal coverage rates in both countries [21,22]. However, these
studies did not distinguish the coverage rates of stroke survivors alone, and the results were
relatively outdated. One study in the United States reported poor influenza vaccination
coverage among stroke survivors, but the results were outdated [23]. Thus, this study
aimed to investigate the influenza vaccination coverage rates among Korean patients with
stroke and its influencing factors using more recent nationally representative survey data.
2. Methods
2.1. Study Population and Data Collection
The present study was conducted using data from the Korea National Health and
Nutrition Survey (KNHANES) between 2014 and 2018. The KNHANES, a nationwide
cross-sectional survey examining the non-institutionalized civilian Korean population, has
been performed annually by the Korea Centers for Disease Control and Prevention (KCDC)
since 1998. It offers extensive information on individuals’ sociodemographics, health status,
and health behaviors. The KNHANES participants are selected through complex, stratified,
multi-stage, and probability sampling to provide nationally representative and non-biased
data. Further information regarding the validity and representativeness of the KNHANES
has been documented in previous studies [24,25]. Among the 39,199 total participants
of the KNHANES 2014–2018, those aged less than 40 years were excluded (N = 16,614).
Participants with missing data on any of the study variables, including those who did not
respond to questions about the status of influenza vaccination and previous diagnosis of
stroke, were also excluded (N = 3997). Subsequently, 18,588 participants were selected as
the study population. Participants were then dichotomized into those with (N = 591) and
without (N = 17,997) a history of stroke (Figure 1). Participants were considered stroke
survivors if they responded positively to a prior diagnosis of stroke by a physician. The
Institutional Review Board of the Seoul St. Mary’s Hospital, Catholic University of Korea
Vaccines 2021, 9, x FOR PEER REVIEW
3 of 13
(approval number: KC21ZASI0138) approved this study, and the requirement for written
informed consent was waived.
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2.2. Definition of Influenza Vaccination Status
Influenza vaccination coverage rates were assessed based on the self-reported influenza vaccination status within a year. Since 2005, the KCDC has provided free influenza
vaccination to elderly adults aged ≥ 65 years through the national immunization program
at public health centers [26].
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2.2. Definition of Influenza Vaccination Status
Influenza vaccination coverage rates were assessed based on the self-reported influenza vaccination status within a year. Since 2005, the KCDC has provided free influenza
vaccination to elderly adults aged ≥65 years through the national immunization program
at public health centers [26].
2.3. Factors Associated with Influenza Vaccination Status
The potential predictors of receiving an influenza vaccine were classified into three
broad groups based on the self-administered questionnaire of the KNHANES—
sociodemographic, health status, and health behavior factors. The sociodemographic
factors included age, sex, marital status, educational status, employment status, household
income, residential area, and type of health insurance. The health status factors included
body mass index (BMI), comorbidities, self-rated health status, and limitations in daily
activities. Lastly, the health behavior factors included smoking status, alcohol status, degree of physical activity, and regular health checkups. BMI was calculated by dividing the
participant’s weight in kilograms with their height in squared meters. Obesity was defined
based on the cutoff BMI values in Korea (underweight: <18.5 kg/m2 , normal weight:
18.5–22.9 kg/m2 , overweight: 23–24.9 kg/m2 , and obese: ≥25.0 kg/m2 ) [27]. We included
patients with hypertension, diabetes mellitus (DM), ischemic heart disease (myocardial
infarction and angina), cancers (stomach, liver, breast, lung, thyroid, and other cancers),
chronic pulmonary diseases (chronic obstructive pulmonary disease and asthma), liver
cirrhosis, and chronic renal disease. The definitions of each condition were based on a
physician’s self-reported prior diagnosis. Smoking status was categorized as a current
smoker or non-smoker (never or past smoker). Risky drinking was defined as drinking
at least twice a week with an average of seven standard drinks or more per occasion for
male participants and five standard drinks or more per occasion for female participants.
Participants who were non-drinkers or drank less than the criteria for risky drinking were
considered non-risky drinkers. Physical activity was assessed based on the Physical Activity Guidelines for Americans, 2nd edition [28]. These guidelines state that adults need to
perform at least 150 min of moderate-intensity aerobic physical activity or at least 75 min
of vigorous-intensity aerobic physical activity per week or an equivalent combination of
moderate- and vigorous-intensity activity to gain health benefits [28]. When the participant’s level of physical activity met these criteria, they were considered to have “sufficient
physical activity.” Lastly, regular health screening was defined as a positive response to
whether the participant underwent health screening within the last two years.
2.4. Statistical Analysis
The sampling weights provided by the KCDC were used for all statistical analyses to
ensure unbiased nationally representative estimates [24]. The baseline characteristics of
stroke and non-stroke survivors, analyzed through descriptive statistics, are presented as
percentages and standard errors or as means and standard deviations. The differences in
the characteristics of the groups were compared using the chi-square test for proportions
and the adjusted Wald test for means. We calculated the overall influenza vaccination
coverage rates and compared them between stroke and non-stroke survivors according to
their baseline characteristics. The coverage rates between the two groups were compared
using the adjusted Wald test. Then, using the above mentioned factors as covariates, we
conducted univariate and multivariate logistic regression analyses to identify the factors
that affect influenza vaccination status among all stroke survivors and age subgroups
(elderly (aged ≥65 years) vs. non-elderly (aged <65 years) stroke survivors). Factors with
P-values less than 0.1 in univariate analyses were included in multivariate analysis. All
statistical analyses were performed using STATA version 14.1 (Stata Corp., College Station,
TX, USA), and P-values less than 0.05 were considered statistically significant.

Vaccines 2021, 9, 763

4 of 13

3. Results
3.1. Characteristics of the Participants with and without Stroke
The baseline characteristics of the stroke and non-stroke survivors are summarized in
Table 1. In total, 55.5% and 52.1% of participants were men among stroke survivors and nonstroke survivors, respectively. The mean age of the stroke survivors was 65.9 ± 0.5 years,
and 56.7% of stroke survivors were aged65 years and older. In contrast, the non-stroke
survivors were younger (mean age: 56.1 ± 0.1 years), and 23.0% of non-stroke survivors
were aged65 years and older. These differences were statistically significant. In addition,
stroke survivors were more likely to be single/divorced/separated/widowed (31.6% vs.
19.1%), unemployed (65.0% vs. 35.0%), be medical aid beneficiaries (13.0% vs. 4.1%), reside
in rural areas (41.3% vs. 36.9%), have lower education, and have less income (lower-middle
or lower class: 68.1% vs. 41.5%) than non-stroke survivors. They also had higher BMI
(mean BMI 24.6 ± 0.1 kg/m2 vs. 24.1 ± 0.0 kg/m2 ), poorer self-rated health status (very
poor/poor self-rated health: 50.7% vs. 19.5%), more comorbidities (74.5% vs. 36.7%), and
lower frequency of undergoing health screening within the last 2 years than non-stroke
survivors. In terms of the specific comorbidities, stroke survivors were more likely to have
hypertension (68.1% vs. 26.8%), DM (30.0% vs. 10.3%), and ischemic heart disease (12.9%
vs. 2.8%) than non-stroke survivors. The differences in the other characteristics between
stroke and non-stroke survivors were insignificant.
Table 1. Baseline characteristics of those with and without stroke.

Characteristics

Stroke
(N = 591)
% (SE) or Mean ± SD

Non-Stroke (N = 17,997) %
(SE) or Mean ± SD

p-Value

Sociodemographic factors
Sex
Male
Female

55.5 (2.4)
44.5 (2.4)

52.1 (0.3)
47.8 (0.3)

0.002

Age (years)
40–64
≥65

65.9 ± 0.5
43.3 (2.5)
56.7 (2.5)

56.1 ± 0.1
77.0 (0.5)
23.0 (0.5)

Marital status
Married
Single/divorced/separated/widowed

68.4 (2.3)
31.6 (2.3)

80.9 (0.5)
19.1 (0.5)

Employment status
Employed
Unemployed

35.0 (2.5)
65.0 (2.5)

65.0 (0.5)
35.0 (0.5)

Education status
Middle school or lower
High school
College or higher

62.0 (2.4)
25.3 (2.1)
12.7 (1.6)

32.4 (0.6)
34.0 (0.5)
33.6 (0.7)

Household Income
Low
Lower middle
Upper middle
High

42.7 (2.4)
25.4 (2.1)
18.8 (2.0)
13.1 (1.8)

17.9 (0.5)
23.6 (0.5)
27.6 (0.5)
30.9 (0.8)

Residential area
Urban
Rural

58.7 (2.7)
41.3 (2.7)

63.1 (0.9)
36.9 (0.9)

Health insurance
National health insurance
Medicaid

87.0 (1.7)
13.0 (1.7)

95.9 (0.2)
4.1 (0.2)

0.000
0.000
0.000
0.000

0.000

0.000

0.000

0.091

0.000
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Table 1. Cont.
Stroke
(N = 591)
% (SE) or Mean ± SD

Non-Stroke (N = 17,997) %
(SE) or Mean ± SD

p-Value

BMI (kg/m2 )
<18.5
18.5–22.9
23–24.9
≥25

24.6 ± 0.1
1.6 (0.5)
30.5 (2.4)
26.8 (2.3)
41.1 (2.4)

24.1 ± 0.0
2.4 (0.1)
36.0 (0.4)
25.1 (0.4)
36.5 (0.4)

0.002
0.062
0.062
0.062
0.062

Comorbidities
No
Yes
Hypertension
Diabetes mellitus
Ischemic heart disease *
Cancer †
Chronic pulmonary diseases ‡
Liver cirrhosis
Chronic renal disease

24.5 (2.1)
74.5 (2.1)
68.1 (2.4)
30.0 (2.2)
12.9 (1.6)
6.1 (1.2)
4.4 (1.0)
0.3 (0.2)
0.6 (0.4)

63.3 (0.5)
36.7 (0.5)
26.8 (0.4)
10.3 (0.3)
2.8 (0.1)
6.0 (0.2)
3.1 (0.1)
0.5 (0.1)
0.4 (0.1)

Self-rated health
Very poor/poor
Fair
Good/excellent

50.7 (2.5)
39.7 (2.4)
9.6 (1.5)

19.5 (0.4)
52.9 (0.4)
27.6 (0.4)

Limitation in daily activities
Yes
No

30.7 (2.4)
69.3 (2.4)

8.4 (0.3)
91.6 (0.3)

Characteristics
Health status factors

0.000

0.000
0.000
0.000
0.871
0.106
0.488
0.428
0.000

0.000

Health behavior factors
Smoking status
Never/past smoker
Current smoker

0.696

Drinking status
Non-risky drinking
Risky drinking
Physical activity
Sufficient
Insufficient

81.2 (1.9)
18.8 (1.9)

80.4 (0.4)
19.6 (0.4)

90.6 (1.6)
9.4 (1.6)

87.6 (0.3)
12.4 (0.3)

35.6 (2.4)
64.4 (2.4)

44.5 (0.5)
55.5 (0.5)

64.9 (2.2)
35.1 (2.2)

74.1 (0.4)
25.9 (0.4)

0.114

0.003

Health check-up within the last 2 years
Yes
No

0.000

All data were weighted to the standard Korean population. P-values were obtained by chi-square test for proportions or adjusted Wald
test for means. * Myocardial infarction or angina pectoris. † Stomach, liver, colon, breast, cervix, lung, thyroid cancer, and other cancers.
‡ Asthma and chronic obstructive pulmonary disease. Abbreviation: SE, standard error; SD, standard deviation; BMI, body mass index.

3.2. Comparison of Influenza Vaccination Status between the Stroke and Non-Stroke Survivors
The overall influenza vaccination coverage rate for stroke survivors (64.8%) was
significantly higher than that for non-stroke survivors (41.1%). Subgroup analysis according
to baseline characteristics also demonstrated that influenza vaccination rates were all
significantly higher in stroke survivors than in non-stroke survivors, except in those aged65
years and older, with college or higher degrees, high income, DM, and chronic renal disease
and those who were underweight and medical aid beneficiaries (Table 2).
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Table 2. Comparison of influenza vaccination coverage between stroke and non-stroke survivors.

Variables
Overall

Stroke (N = 591)

Non-Stroke (N = 17,997)

Vaccinated %(SE)

Vaccinated %(SE)

p-Value

64.8 (2.4)

41.1 (0.5)

0.000

Sociodemographic factors
Sex
Male
Female

57.8 (3.4)
73.4 (3.1)

35.6 (0.6)
46.2 (0.6)

0.000
0.000

Age (years)
40–64
≥65

37.5 (4.0)
85.6 (2.0)

28.7 (0.5)
82.6 (0.6)

0.030
0.152

63.8 (3.0)

38.6 (0.6)

0.000

66.8 (4.2)

51.6 (1.0)

0.000

Employment status
Employed
Unemployed

47.8 (4.1)
73.9 (2.6)

33.6 (0.6)
55.0 (0.8)

0.000
0.001

Educational status
Middle school or lower
High school
College or higher

75.3 (2.6)
51.1 (5.2)
40.3 (6.8)

61.3 (0.8)
33.9 (0.8)
28.9 (0.8)

0.000
0.001
0.098

Household Income
Low
Lower middle
Upper middle
High

74.1 (3.5)
61.1 (4.7)
61.8 (5.7)
45.5 (7.5)

63.1 (1.0)
41.9 (1.0)
34.3 (0.9)
33.8 (0.8)

0.003
0.000
0.000
0.117

Residential area
Urban
Rural

66.8 (3.2)
61.9 (3.6)

40.6 (0.6)
41.9 (0.9)

0.000
0.000

Health insurance
National health insurance
Medical aid

64.9 (2.6)
63.5 (6.2)

40.5 (0.5)
54.8 (2.1)

0.000
0.173

53.6 (17.5)
62.7 (4.6)
61.4 (4.8)
68.9 (3.6)

39.7 (2.5)
40.1 (0.7)
41.8 (0.9)
41.7 (0.8)

0.434
0.000
0.000
0.000

68.3 (2.7)
53.8 (5.1)
68.6 (2.7)
66.2 (4.4)
68.3 (6.3)
92.4 (3.9)

32.3 (0.6)
56.3 (0.8)
58.7 (0.9)
60.4 (1.4)
67.9 (2.2)
57.1 (1.7)

0.000
0.000
0.000
0.207
0.000
0.000

Marital status
Married
Single/divorced/separated/widowed

Health status factors
(kg/m2 )

BMI
<18.5
18.5–22.9
23–24.9
≥25

Comorbidities
No
Yes
Hypertension
Diabetes mellitus
Ischemic heart disease *
Cancer †
Chronic pulmonary
diseases ‡
Liver cirrhosis
Chronic renal disease

68.6 (11.3)

60.8 (2.5)

0.496

100.0 (0.0)
49.9 (28.2)

45.6 (6.2)
68.4 (6.2)

0.000
0.523

Self-rated health
Very poor/poor
Fair
Good/excellent

66.1 (3.3)
61.6 (3.7)
71.0 (7.4)

52.8 (1.0)
39.5 (0.6)
35.9 (0.8)

0.000
0.000
0.000
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Table 2. Cont.

Variables
Limitation in daily activities
Yes
No

Stroke (N = 591)

Non-Stroke (N = 17,997)

Vaccinated %(SE)

Vaccinated %(SE)

p-Value

64.8 (4.4)
64.8 (2.8)

58.0 (1.5)
39.5 (0.5)

0.138
0.000

Health behavior factors
Smoking status
Never/past smoker
Current smoker

69.5 (2.5)
44.4 (5.9)

44.5 (0.6)
26.9 (0.9)

0.000
0.004

Drinking status
Non-risky drinking
Risky drinking

66.6 (2.4)
47.0 (9.5)

43.3 (0.5)
25.5 (1.2)

0.000
0.027

Physical activity
Sufficient
Insufficient

53.9 (4.5)
70.6 (2.7)

38.5 (0.7)
43.0 (0.6)

0.001
0.000

Health check-up within the
last 2 years
Yes
No

67.1 (2.9)
60.5 (4.2)

43.0 (0.6)
35.7 (0.9)

0.000
0.000

All data were weighted to the standard Korean population. * Myocardial infarction or angina pectoris. † Stomach, liver, colon, breast,
cervix, lung, thyroid cancer, and other cancers. ‡ Asthma and chronic obstructive pulmonary disease. Abbreviation: SE, standard error;
BMI, body mass index.

3.3. Predictors of Influenza Vaccination Coverage among the Stroke Survivors
Table 3 presents the results of univariate and multivariate logistic regression analyses
for the factors associated with influenza vaccination coverage among stroke survivors.
In univariate analyses, age ≥65 years (odds ratio (OR) 9.90, 95% confidence interval (CI)
6.21–15.78) was the most prominent predictor of receiving an influenza vaccine among
stroke survivors. Female sex (OR 2.01, 95% CI 1.33–3.04) and comorbidities (OR 1.86,
95% CI 1.17–2.95) were also positively associated with receiving an influenza vaccine. In
contrast, employment (OR 0.32, 95% CI 0.21–0.49), higher education (OR 0.44, 95% CI
0.33–0.59), higher income (OR 0.69, 95% CI 0.56–0.85), smoking (OR 0.35, 95% CI 0.21–0.59),
risky drinking (OR 0.44, 95% CI 0.21–0.96), and sufficient physical activity (OR 0.49, 95% CI
0.31–0.76) were negatively associated with receiving an influenza vaccine. In multivariate
analysis, age ≥65 years (adjusted OR (aOR) 7.51, 95% CI 4.42–12.75) was consistently
identified as the most significant determinant of receiving an influenza vaccine, while
smoking (aOR 0.44, 95% CI 0.24–0.81) was consistently demonstrated to have a negative
correlation with receiving an influenza vaccine. However, other factors that demonstrated
significant associations with influenza vaccination in univariate analyses were not significant in multivariate analysis. The results of the logistic regression analyses for stroke
survivors aged <65 years and aged ≥65 years are presented in Tables 4 and 5, respectively.
For stroke survivors aged <65 years, female sex (OR 2.03, 95% CI 1.04–3.95) and older
age (OR 1.09, 95% CI 1.02–1.16) were identified as positive predictors for receiving an
influenza vaccine, while employment (OR 0.49, 95% CI 0.25–0.98), higher education (OR
0.45, 95% CI 0.29–0.70), better self-rated health status (OR 0.60, 95% CI 0.37–1.00), smoking
(OR 0.37, 95% CI 0.15–0.88), and sufficient physical activity (OR 0.42, 95% CI 0.21–0.86)
were negative predictors in univariate analyses. However, none of these factors were
significantly associated with influenza vaccination in multivariate analysis. For stroke
survivors aged ≥65 years, only older age and better self-rated health status were included
as covariates in multivariate analysis as these were the only variables that had P-values
less than 0.1 in univariate analyses. However, these factors did not show any significant
correlations with influenza vaccination.
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Table 3. Factors associated with influenza vaccination status among stroke survivors (n = 591).
Univariate Logistic Regression Analysis
Variables

Multivariate Logistic Regression Analysis

Crude OR (95% CI)

p-Value

Adjusted OR * (95% CI)

p-Value

1.29 (0.77–2.17)

0.325

Reference
7.51 (4.42–12.75)

0.000

0.78 (0.47–1.28)
0.76 (0.55–1.05)
0.94 (0.74–1.20)

0.316
0.096
0.632

1.59 (0.91–2.77)

0.104

0.44 (0.24–0.81)
1.78 (0.67–4.67)
0.69 (0.42–1.13)

0.009
0.245
0.137

Sociodemographic factors
Female sex
Age (years)
40–64
≥65
Married
Employed
Higher education
Higher income
Urban residency
National Health insurance

2.01 (1.33–3.04)

0.001

Reference
9.90 (6.21–15.78)
0.87 (0.56–1.37)
0.32 (0.21–0.49)
0.44 (0.33–0.59)
0.69 (0.56–0.85)
1.24 (0.82–1.87)
1.06 (0.61–1.87)

0.000
0.560
0.000
0.000
0.001
0.304
0.827

Health status factors
Higher BMI
Comorbidities †
Better self-rated health
Limited daily activities

1.03 (0.97–1.09)
1.86 (1.17–2.95)
0.99 (0.74–1.33)
1.00 (0.65–1.55)

0.371
0.009
0.956
0.996

Health behavior factors
Smoking
Risky drinking
Sufficient physical activity
Regular health check-ups ‡

0.35 (0.21–0.59)
0.44 (0.21–0.96)
0.49 (0.31–0.76)
1.33 (0.86–2.06)

0.000
0.040
0.002
0.196

All data were weighted to the standard Korean population. Analyses were performed by univariate and multivariate logistic regression
models. * Adjusted for age, sex, education status, employment status, household income, comorbidities, smoking status, drinking status,
and degree of physical activity. † Hypertension, diabetes mellitus, cancer, chronic pulmonary diseases, liver cirrhosis, and chronic renal
disease. ‡ Receiving health check-ups within the last two years. Abbreviation: CVD, cardiovascular disease; OR, odds ratio; CI, confidence
interval; BMI, body mass index.

Table 4. Factors associated with influenza vaccination status among stroke survivors aged less than 65 years (n = 199).
Univariate Logistic Regression Analysis

Multivariate Logistic Regression Analysis

Crude OR (95% CI)

p-Value

Adjusted OR * (95% CI)

p-Value

Sociodemographic factors
Female sex
Older age
Married
Employed
Higher education
Higher income
Urban residency
National health insurance

2.03 (1.04–3.95)
1.09 (1.02–1.16)
1.48 (0.74–2.97)
0.49 (0.25–0.98)
0.45 (0.29–0.70)
0.81 (0.60–1.10)
1.53 (0.78–3.00)
0.77 (0.33–1.81)

0.037
0.015
0.265
0.045
0.000
0.181
0.216
0.554

1.53 (0.73–3.23)
1.07 (0.99–1.17)

0.260
0.102

0.76 (0.36–1.60)
0.63 (0.39–1.03)

0.474
0.065

Health status factors
Higher BMI
Comorbidities †
Better self-rated health
Limited daily activities

1.03 (0.94–1.13)
1.43 (0.69–2.94)
0.60 (0.37–1.00)
0.97 (0.46–2.03)

0.560
0.335
0.049
0.933

0.72 (0.42–1.22)

0.221

Health behavior factors
Smoking
Risky drinking
Sufficient physical activity
Regular health check-ups ‡

0.37 (0.15–0.88)
1.36 (0.53–3.48)
0.42 (0.21–0.86)
1.60 (0.80–3.20)

0.024
0.523
0.018
0.180

0.42 (0.14–1.20)

0.104

0.53 (0.23–1.15)

0.109

Variables

All data were weighted to the standard Korean population. Analyses were performed by univariate and multivariate logistic regression
models. * Adjusted for age, sex, education status, employment status, level of self-rated health, smoking status, and degree of physical
activity status. † Hypertension, diabetes mellitus, cancer, chronic pulmonary diseases, liver cirrhosis, and chronic renal disease. ‡ Receiving
health check-ups within the last two years. Abbreviation: CVD, cardiovascular disease; OR, odds ratio; CI, confidence interval; BMI, body
mass index.
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Table 5. Factors associated with influenza vaccination status among stroke survivors aged65 years and older (n = 392).
Univariate Logistic Regression Analysis
Crude OR (95% CI)

p-Value

Sociodemographic factors
Female sex
Older age
Married
Employed
Higher education
Higher income
Urban residency
National health insurance

1.23 (0.63–2.39)
1.07 (1.00–1.15)
1.11 (0.53–2.32)
0.90 (0.45–1.82)
1.33 (0.76–2.31)
0.96 (0.68–1.35)
1.34 (0.71–2.51)
1.68 (0.74–3.80)

0.547
0.064
0.783
0.774
0.319
0.794
0.362
0.216

Health status factors
Higher BMI
Comorbidities †
Better self-rated health
Limited daily activities

1.00 (0.91–1.10)
1.45 (0.60–3.49)
1.52 (1.01–2.28)
0.89 (0.46–1.70)

0.939
0.408
0.046
0.718

Health behavior factors
Smoking
Risky drinking
Sufficient physical activity
Regular health check-ups ‡

0.65 (0.29–1.46)
0.29 (0.06–1.49)
1.11 (0.57–2.15)
1.27 (0.67–2.31)

0.296
0.140
0.769
0.454

Variables

Multivariate Logistic Regression Analysis
Adjusted OR * (95% CI)

p-Value

1.07 (0.99–1.14)

0.076

1.48 (0.99–2.22)

0.059

All data were weighted to the standard Korean population. Analyses were performed by univariate and multivariate logistic regression
models. * Adjusted for age and level of self-rated health. † Hypertension, diabetes mellitus, cancer, chronic pulmonary diseases, liver
cirrhosis, and chronic renal disease. ‡ Receiving health check-ups within the last two years. Abbreviation: CVD, cardiovascular disease; OR,
odds ratio; CI, confidence interval; BMI, body mass index.

4. Discussion
Our study demonstrated that the overall influenza vaccination coverage rate was
significantly higher among stroke survivors than among non-stroke survivors in Korea
between 2014 and 2018. This result was likely because stroke survivors are more healthconscious than non-stroke survivors. According to the Health Belief Model, individuals
who perceive their health issues as more serious would likely engage in healthier behaviors
to prevent worse outcomes [29]. Thus, the medical history of stroke may have prompted
the stroke survivors to receive influenza vaccines more actively. Other Korean studies have
also found that the influenza vaccination coverage rates in patients with chronic diseases,
such as DM, cancers, and cardiovascular diseases, were considerably higher than in those
without these conditions [22,30,31]. However, it seems that the Health Belief Model was
insufficient in encouraging stroke survivors to receive the influenza vaccine as the overall
coverage rate of 64.8% falls considerably short of the global target coverage rate for highrisk groups. The United States has set a goal of 90% influenza vaccination coverage rate for
high-risk patients in the Healthy People 2020 document, while the European Union Council
has proposed a target vaccination rate of 75% [32,33]. The numbers are far more concerning
for stroke survivors aged <65 years, who have a coverage rate of 37.5%. Given that
the influenza vaccine prevents influenza infection and its related complications [6,7] and
protects patients from stroke and its related mortality [15–19], more attention and efforts are
needed to improve the coverage rate of stroke survivors, especially those aged <65 years.
For the factors associated with receiving an influenza vaccine, age ≥65 years was the
most prominent positive predictor among the stroke survivors; no significant association
was found between other factors, except smoking, and receiving a vaccine. This trend is
believed to be attributed mainly to KCDC’s national immunization program, which offers
free influenza vaccination to every adult aged ≥65 years [26]. Owing to this program,
Korea has significantly higher influenza vaccination coverage rates among the elderly
aged ≥65 years (>80%) than the other member countries of the Organization for Economic
Cooperation and Development [34–36]. In contrast, the coverage is comparatively low
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(25–30%) among younger adults aged <65 years in Korea as they are not eligible for
free vaccination [34,35]. Previous Korean studies have confirmed that the coverage rate
of patients aged <65 years with chronic diseases (e.g., DM and cardiovascular disease)
was slightly higher than those aged <65 years without chronic diseases since those with
chronic diseases are likely to be more health conscious [22,30]. However, owing to the free
vaccination program, significant disparities are present in the coverage rates of patients
with the said chronic diseases aged <65 years and those aged ≥65 years [22,30]. Both trends
were consistently observed in the coverage rates of stroke survivors in the present study.
Further, we believe that the free vaccination program for the elderly population is the
reason for the insignificant difference in the coverage rates between stroke and non-stroke
survivors aged ≥65 years and the significant difference in the rates between stroke and
non-stroke survivors aged <65 years.
In contrast, smoking was significantly associated with a lower vaccination rate in this
study. Smokers are more susceptible to influenza, which can also be fatal [37]. In addition,
persistent smoking after stroke is highly associated with stroke recurrence [38]. Thus, the
importance of receiving influenza vaccination should be especially emphasized to stroke
survivors who are currently smoking.
We additionally performed multivariate subgroup analyses according to age (<65
and ≥65 years), but no significant factors that were predictive of receiving an influenza
vaccine for both subgroups were noted. This may imply that offering free vaccinations
is the most critical factor that motivates stroke survivors to be vaccinated. Furthermore,
their vaccination behavior tends to be unaffected by their other characteristics, including
sociodemographics, health status, and health behaviors. Previous studies have confirmed
that vaccination recommendation alone is not sufficient to promote higher coverage and
that implementing public health policies that reduce patients’ vaccination costs has a more
powerful impact on increasing coverage rates [39,40]. Thus, implementing strategic public
health policies, such as expanding the eligibility of free vaccination candidates by setting
a cutoff age lower than the current age of 65, could be a way to encourage more stroke
survivors aged <65 years to get vaccinated against influenza. Further studies regarding the
factors influencing influenza vaccination among stroke survivors and the cost-effectiveness
of expanding free vaccination programs to younger stroke survivors are needed to verify
our findings and to improve stroke survivors’ coverage rates aged <65 years.
The major strength of our study is that we objectively analyzed the recent influenza
vaccination status among stroke survivors by accurately reflecting the entire population
of Korea using a nationally representative survey database. Despite its importance, very
few studies have investigated the influenza vaccination coverage rate among stroke survivors, especially in Korea. Second, we examined the factors influencing influenza vaccination behavior of stroke survivors by including various aspects of their characteristics
(such as sociodemographic, health status, and health behavior factors) in the analyses
to offer an essential public health perspective for improving the vaccination coverage of
stroke survivors.
However, this study has several limitations. First, potential underestimation of vaccination coverage rates may have been possible since the KNHANES is conducted throughout the year, whereas influenza vaccinations are generally conducted before the annual
epidemic season (usually from September to December). Thus, recall bias could have occurred if a time gap existed between the survey and vaccination periods. Second, reporting
bias could not be ruled out in other study variables as the KNHANES data were obtained
through a self-administered questionnaire. Third, other factors that could affect the vaccination behavior, such as stroke severity, prior history of influenza infection, participant’s
belief in the vaccine’s effectiveness, and knowledge of vaccination recommendations, could
not be assessed because these were not included in the KNHANES.
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5. Conclusions
Despite being strongly recommended by various practice guidelines, the influenza vaccination coverage rate among stroke survivors was low in Korea (64.8%). The rate among
participants aged <65 years was lower (37.5%) than that among participants aged ≥65 years
(85.6%). Age ≥ 65 years, the eligible age for the national free vaccination program, was
the most prominent predictor of vaccination against influenza for all stroke survivors,
while smoking was a negative predictor. No significant factors were found in subgroup
analyses according to age (<65 and ≥65 years). Therefore, implementing strategic public
health policies, such as expanding the free vaccination program to stroke survivors aged
<65 years, could be considered to improve coverage rates.
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