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Background: Influenza is a global public health problem causing considerable morbidity and mortality. Although vaccination is 
the most effective way to prevent infection, vaccination coverage is insufficient in people with chronic disease under 65 years, es-
pecially diabetes. The purpose of this study was to evaluate influenza vaccination coverage and identify factors associated with in-
fluenza vaccination in Korean diabetic adults under 65 years.
Methods: Data were obtained from 24,821 subjects in the Korea National Health and Nutrition Examination Survey (2014 to 
2017). Socioeconomic, health-related, and diabetic factors were investigated for their relations with influenza vaccination in dia-
betic patients under 65 years using univariate and multivariate analyses.
Results: Among 24,821 subjects, 1,185 were diabetic patients under 65 years and their influenza vaccination rate was 36.5%. So-
cioeconomic (older age, female gender, non-smoker, light alcohol drinker, lower educational level, and employed status), health-
related factors (lower fasting glucose and glycosylated hemoglobin level, good self-perceived health status, more comorbidities, 
recent health screening, more outpatient visits, and diet therapy), and diabetic factors (more awareness and getting treated) were 
associated with influenza vaccination. In multivariate analysis, more awareness and getting treated for diabetes were associated 
with influenza vaccination in diabetic patients under 65 years (odds ratio, 1.496 and 1.413; 95% confidence interval, 1.022 to 2.188 
and 1.018 to 2.054, respectively). 
Conclusion: Influenza vaccination rate was low in diabetic patients under 65 years, especially in those with unawareness and not 
getting treated for diabetes. Active screening and treatment for diabetes may be helpful to improve the influenza vaccination rate 
in these patients.
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INTRODUCTION

Diabetes is a common chronic disease with multiple complica-
tions that contribute to global health-care burden [1]. Accord-
ing to the 2016 World Health Organization (WHO) report, it 
was found from 422 million people, about 8.5% of the adult 

population in the world [2]. It is well known that glycemic 
control is important in mortality of diabetes [3-5]. In addition 
to glycemic control, another factor that influences the mortali-
ty of diabetes is infection [6,7]. Patients with diabetes have 
higher incidence of infectious diseases than healthy adults. 
Once an infectious disease occurs, it can progress to more se-
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vere illness. Hyperglycemia raises the risk of infectious diseases 
by causing neutrophil dysfunction, decreased antioxidant 
function, and decreased humoral immune function [8]. Pa-
tients with long duration of diabetes are accompanied by 
chronic diseases of various organs due to peripheral neuropa-
thy or vascular complications that can also increase the risk of 
infectious disease. A study conducted in Canada found that 
diabetics had 1.21 times higher incidence of infectious diseas-
es, especially skin soft tissue infections, genitourinary tract in-
fections, gastrointestinal tract infections, and respiratory infec-
tions, than those without diabetes [9]. In a study conducted in 
the United Kingdom, the incidence of infectious diseases was 
1.66 times higher in type 1 diabetes mellitus and 1.47 times 
higher in type 2 diabetes mellitus [10]. Therefore, those with 
diabetes need to take optimal measures to prevent infectious 
diseases. Among infectious diseases, influenza is a disease that 
can be prevented through vaccination. Influenza is a disease 
that spreads every year, causing high morbidity and mortality. 
About 3 to 5 million people are affected and about 250,000 to 
300,000 people die from it [10]. The most effective method for 
preventing influenza is vaccination [11]. Influenza vaccination 
not only prevents the development of influenza itself in diabet-
ic patients, but also reduces the incidence of complications 
such as influenza-related pneumonia. It can significantly re-
duce the risk of hospitalization or death [12-14]. Therefore, 
American Diabetic Association recommends that adults with 
diabetes should receive the influenza vaccine every year [15]. 
Also, WHO and United States Centers for Disease Control rec-
ommend annual influenza vaccination to high-risk groups 
such as pregnant women, children of 6 months to 5 years old, 
seniors over 65 years, patients with chronic disease including 
diabetes, and health-care workers [10,16]. The WHO has set a 
target of 75% for influenza vaccination rates in the high-risk 
groups [17]. Regarding the actual influenza vaccination rate in 
high-risk groups, influenza vaccination rates of people over 65 
years in Korea, the United States, Canada, the United King-
dom, and so on, in which governments provide financial sup-
ports for influenza vaccination, was about to 60% to 80% [18]. 
However, the vaccination rate is much lower in patients with 
chronic disease under 65 years who also belong to the high-
risk groups, and this is not different in diabetes [19-21]. In oth-
er words, in order to maximize vaccination rate in high-risk 
groups, it is important to identify factors that significantly af-
fect the vaccination rate in chronic disease patients under 65 
years, not the elderly over 65 years. Therefore, the objective of 

this study was to find factors that could significantly affect in-
fluenza vaccination rate in patients under 65 years who had di-
abetes, one of representative chronic diseases.

METHODS

Study population
We used data from the Korean National Health and Nutrition 
Survey (KNHANES), a nation-wide population-based cross-
sectional survey. This survey has been conducted in six phases: 
KNHANES phases I (1998), II (2001), III (2005), IV (2007 to 
2009), V (2010 to 2012), VI (2013 to 2015), and VII (2016 to 
2017) [22]. For our study, data from 2014 to 2017 (KNHANES 
VI, VII) were included. The KNHANES consists of several 
surveys about health and nutritional status. This survey used a 
stratified multi-stage sampling method to represent Korean 
adult population. Trained interviewer conducted annual face-
to-face interviews across the nation to gather information 
about health and nutritional status. Informed consents were 
taken to every participant before inclusion to studies. The ini-
tial sample for this study consisted of 31,207 candidates com-
pleting the surveys. Of these, we excluded subjects under the 
age of 19 years (n=6,386), those who give no information about 
influenza vaccination or had missing data (n=174), and those 
who had no diabetes (n=22,280). Finally, a total of 2,367 sub-
jects were included in the analysis. This study was approved by 
the Institutional Review Board of the Korea Centers for Dis-
ease Control (approval number: VC20ZISI0004).

Study variables
Influenza vaccination coverage was measured with the follow-
ing question: “During the past 12 months, have you been vac-
cinated against influenza?” Those who answered “yes” were 
defined as being vaccinated. The diagnosis of diabetes was 
based on fasting plasma glucose (FPG) ≥126 mg/dL, current 
use of antidiabetic medication, a previous history of diabetes, 
or glycosylated hemoglobin (HbA1c) ≥6.5%. Anthropometric, 
socioeconomic, health-related, psychological, and treatment 
variables were included in the analysis. Anthropometric vari-
ables included height (cm) and weight (kg) measured to the 
nearest 0.1 cm and 0.1 kg by a trained examiner. Body mass in-
dex (BMI) was calculated by dividing weight (kg) by the square 
of height (m2). Socioeconomic variables included gender, age, 
monthly income (in quartile), educational level (elementary or 
lower, middle, high, college, or higher), occupation (employed 
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or unemployed), and residency area (urban or rural). Monthly 
income was calculated as an equivalent income, dividing 
monthly income into square root of family size. Health-related 
variables included smoking and alcohol drinking status, FPG, 
HbA1c, regular exercise, self-reported health status, comorbid-
ity, a history of health screening in the past 2 years, number of 
outpatient visit in recent 2 weeks, diet therapy, and treatments. 
Smoking status was classified into three groups: never smoker, 
ex-smoker, and current smoker. Those who had smoked more 
than five packs in a lifetime were defined as smokers. Ex-
smokers were distinguished from current smokers based on 
their present smoking status. Subjects who ceased smoking at 
the survey time were considered as ex-smokers regardless of 
the duration of smoking cessation. Alcohol drinking status was 
classified into three groups: never, mild to moderate, and 
heavy drinker according to daily alcohol consumption at the 
survey time. Never drinker was defined as individuals con-
suming on one or less occasion per month. Mild to moderate 
drinker was defined as individuals drinking below 30 g of alco-
hol per day. Heavy drinker was defined as individuals drinking 
more than 30 g of alcohol per day. For biochemical measure-
ments, FPG and HbA1c levels were measured by high-perfor-
mance liquid chromatography on a Tosoh G8 device (Tosoh, 
Tokyo, Japan). Regular exercise was defined as exercising more 
than three times a week for more than 30 minutes each time. 
Self-perceived health status was classified into three levels 
(good, fair, and poor) according to response to the following 
question: “How do you assess your own health status?” The 
presence of comorbidities was determined by asking respon-
dents if they were ever diagnosed or treated with the follow-
ings: cerebrovascular disease, angina, myocardial infarction, 
asthma, hypertension, dyslipidemia, chronic liver disease 
(hepatitis B and C, liver cirrhosis), chronic renal disease, or any 
cancer. Diet therapy was defined as dietary control, including 
daily diet, for glycemic control. Treatments variables for diabe-
tes included lifestyle modification, insulin therapy, and oral 
medication. Diabetic variables were classified into three vari-
ables: awareness, treatment, and control rates. Awareness rate 
was defined as rate of people diagnosed with diabetes by a doc-
tor among people diagnosed with diabetes [23,24]. Treatment 
rate was defined as rate of people treated with oral hypoglyce-
mic agents or insulin therapy among people diagnosed with 
diabetes. Control rate in diabetes was defined as rate of people 
with HbA1c <6.5% among people diagnosed with diabetes.

Statistical analysis
General characteristics according to influenza vaccination or 
diabetes status are presented as percentages (standard errors 
[SE]) and as mean±SE for quantitative variables. To perform 
group comparisons, Chi-square test and t-test were used for 
categorical and continuous data, respectively. Both univariate 
and multiple logistic regression analyses were used to evaluate 
variables as factors related to influenza vaccination. In multiple 
logistic regression analyses, socioeconomic factors (age, sex, 
education level, household income, and employed status) and 
health-related factors (smoking and alcohol drinking status, 
health screening within past 2 years, number of outpatient visit 
in recent 2 weeks, FPG, HbA1c, self-perceived health status, 
and diet therapy) were adjusted for. Odds ratios (ORs) and 
95% confidence intervals (CIs) for influenza vaccination cov-
erage were calculated according to combinations of those fac-
tors. All statistical analyses were conducted using SAS version 
9.2 for Windows (SAS Institute Inc., Cary, NC, USA).

RESULTS

Clinical characteristics and vaccination coverage
Table 1 presents clinical characteristics of the study population 
(2,367 with diabetes and 22,280 without diabetes). Compared 
to the non-diabetic group, the diabetic group showed older 
mean age, higher proportions of elderly individuals (over 65 
years) and men, higher BMI, higher rate of smoking and alco-
hol history, lower levels of education and household income, 
higher proportion of unemployed responders, and higher per-
centage of rural residents. In health-related factors, diabetic 
group had higher FPG and HbA1c levels, lower proportions of 
individuals with aerobic exercise and good self-perceived 
health status, higher comorbidity prevalence (hypertension, 
dyslipidemia cerebrovascular attack, coronary artery disease, 
chronic liver disease, and cancer), higher proportion of indi-
viduals who received health screening within past 2 years, 
more outpatient visits in recent 2 weeks, and higher proportion 
of diet therapy. Influenza vaccination rate was 52.9% in the di-
abetic group and 34% in the non-diabetic group.

Clinical characteristics according to influenza vaccination 
in diabetic patients based on 65 years
Comparison of clinical characteristics according to influenza 
vaccination in diabetic patients based on 65 years is shown in 
Table 2. In the diabetic group, vaccination rate was 36.5% in 
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those under 65 years and 85% in those over 65 years. In the di-
abetic group under 65 years, mean age was significantly higher 
in vaccinated group than that in the unvaccinated group. In the 
diabetic group under 65 years, the vaccination rate was higher 
in women, subjects with lower smoking and drinking level, 
subjects with lower educational level, and unemployed state. 
Vaccinated group in diabetic patients under 65 years showed 
significantly lower fasting blood glucose and HbA1c level, 
poor self-perceived health status, higher proportions of indi-
viduals with comorbidity (hypertension, dyslipidemia, coro-
nary artery disease, and chronic renal disease), more health 

Table 1. Clinical characteristics of study populations

Characteristic Diabetes 
(n=2,367)

Non-diabetes 
(n=22,280) P value

Socioeconomic status

   Age, yr   59.85±0.3 45.54±0.2 <0.0001

   Age grouping based on 65 yr <0.0001

      <65 yr 62.5 (1.1) 85.8 (0.4)

      ≥65 yr 37.5 (1.1) 14.2 (0.4)

   Male sex 56.2 (1.1) 49 (0.4) <0.0001

   Influenza vaccination <0.0001

      No 47.1 (1.3) 66 (0.5)

      Yes 52.9 (1.3) 34 (0.5)

   Body mass index 25.53±0.1 23.71±0.2 <0.0001

   Smoking history <0.0001

      Never smoker 50 (1.2) 60.2 (0.4)

      Ex-smoker 26.8 (1.1) 17.8 (0.3)

      Current smoker 23.2 (1.0) 22 (0.4)

   Alcohol history <0.0001

      Never 36.3 (1.1) 25.6 (0.4)

      Mild to moderate 53 (1.2) 65.7 (0.4)

      Heavy 10.8 (0.8) 8.8 (0.2)

   Educational level <0.0001

      Elementary school or lower 33.2 (1.1) 14 (0.4)

      Middle school 15.6 (0.9) 8.3 (0.3)

      High school 29.9 (1.1) 36.7 (0.5)

      College or higher 21.3 (1.1) 41 (0.7)

   Household income <0.0001

      Lowest 29.9 (1.1) 14.5 (0.5)

      Second 25.6 (1.1) 23.5 (0.5)

      Third 22.4 (1.1) 30.5 (0.6)

      Highest 22.1 (1.2) 31.6 (0.8)

(Continued to the next)

Table 1. Continued

Characteristic Diabetes 
(n=2,367)

Non-diabetes 
(n=22,280) P value

   Employed 55.5 (1.2) 64.2 (0.5) <0.0001

   Region 0.0003

      Urban 79.6 (1.7) 84 (1.2)

      Rural 20.4 (1.7) 16 (1.2)

Health-related factors

   F�asting plasma glucose,  
mg/dL

145.76±1.0 95.16±0.1 <0.0001

   HbA1c, % 7.26±0.1 5.49±0 <0.0001

   Regular exercise 40.7 (1.3) 51.3 (0.5) <0.0001

   Self-perceived health status <0.0001

      Good 15.5 (0.9) 31.7 (0.4)

      Fair 49.2 (1.2) 52.2 (0.4)

      Poor 35.2 (1.1) 16.1 (0.3)

   Co-morbidity

      Asthma 3 (0.4) 2.9 (0.1) 0.8103

      Hypertension 51.3 (1.3) 15.5 (0.3) <0.0001

      Dyslipidemia 38.3 (1.2) 11.2 (0.3) <0.0001

      Cerebrovascular attack 6.1 (0.6) 1.3 (0.1) <0.0001

      Coronary artery disease 6 (0.5) 1.6 (0.1) <0.0001

      Chronic renal disease 8.7 (0.6) 8.1 (0.3) 0.3588

      Chronic liver disease 2.3 (0.3) 1.4 (0.1) 0.0012

      Cancer 5.1 (0.5) 2.7 (0.1) <0.0001

   H�ealth screening in recent  
2 yr

65.9 (1.2) 63 (0.5) 0.0193

   O�utpatient visit in recent  
2 wk

0.82±0.04 0.55±0.01 <0.0001

   Diet therapy 37.5 (1.2) 22.2 (0.4) <0.0001

Values are presented as mean±standard error (SE) or percentage 
(SE).
HbA1c, glycosylated hemoglobin.

screenings within past 2 years, more outpatient visits in recent 
2 weeks, and higher proportions of individuals with diet thera-
py than unvaccinated group in diabetic patients under 65 
years. In the diabetic group over 65 years, the vaccinated group 
showed older age and high proportions of women and lower 
smoking history than the unvaccinated group. Trends of vacci-
nation rate by age groups in diabetic and non-diabetic group 
are displayed in Fig. 1. Results of comparison of diabetic vari-
ables according to influenza vaccination in diabetic patients 
based on 65 years are presented in Table 3. In diabetic patients 
under 65 years, the vaccinated group had significantly higher 
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Table 2. Comparison of clinical characteristics according to influenza vaccination in diabetic patients based on 65 years

Characteristic
Diabetics <65 years Diabetics ≥65 years

Vaccinated 
(n=433)

Unvaccinated 
(n=752) P value Vaccinated 

(n=1,005)
Unvaccinated 

(n=177) P value

Socioeconomic status

   Age, yr 53.99±0.6 51.07±0.4 <0.0001 72.9±0.2 70.97±0.4 <0.0001

   Male sex 53.6 (2.7) 67.1 (1.9) <0.0001 44.2 (1.7) 55.8 (4.1) 0.0083

   Body mass index, kg/m2 26.03±0.2 25.95±0.2 0.7865 24.82±0.1 24.36±0.3 0.0994

   Smoking history 0.0051 0.0015

      Never 51.6 (2.7) 40.4 (2) 61.3 (1.7) 46.9 (4)

      Ex-smoker 22.1 (2.3) 26.8 (1.9) 28.3 (1.6) 35.5 (4)

      Current smoker 26.2 (2.5) 32.8 (2) 10.4 (1) 17.7 (3)

   Alcohol history 0.0167 0.1089

      Never 30.4 (2.4) 23.2 (1.7) 51.4 (1.8) 43.1 (4.2)

      Mild to moderate 57.9 (2.6) 59.7 (2) 43.8 (1.8) 53.1 (4.2)

      Heavy 11.7 (1.9) 17.1 (1.6) 4.9 (0.8) 3.8 (1.5)

   Educational level <0.0001 0.7592

      Elementary school or lower 23.2 (2.2) 12.9 (1.3) 61.1 (1.8) 57 (4.3)

      Middle school 19.9 (2.2) 15.9 (1.6) 13.1 (1.1) 16.1 (3.4)

      High school 34 (2.6) 40 (2.1) 16.8 (1.4) 18.2 (3.1)

      College or higher 22.9 (2.3) 31.2 (2) 9 (1.1) 8.7 (2.5)

   Household income 0.0861 0.9376

      Lowest 20.1 (2.1) 16.4 (1.6) 48.8 (1.9) 47.7 (4.2)

      Second 22.6 (2.3) 28.3 (2) 25.4 (1.6) 27.4 (3.9)

      Third 24.2 (2.4) 27 (1.9) 16.6 (1.4) 15.1 (3.4)

      Highest 33.1 (2.8) 28.2 (2) 9.2 (1.2) 9.8 (2.5)

   Employed 66.8 (2.7) 73.3 (1.8) 0.0488 30.1 (1.9) 30.6 (4) 0.9041

   Region 0.8332 0.2191

      Urban 80.9 (2.5) 81.4 (2.1) 76.2 (2.4) 80.7 (3.5)

      Rural 19.1 (2.5) 18.6 (2.1) 23.8 (2.4) 19.3 (3.5)

Health-related factors

   Fasting plasma glucose, mg/dL 147.51±2.4 153.77±2.0 0.0477 135.85±1.3 140.78±3.6 0.2040

   HbA1c, % 7.28±0.1 7.48 ±0.1 0.0491 7.02±0.1 7.21±0.1 0.1117

   Regular exercise 45.9 (2.9) 47.6 (2.1) 0.6466 30.9 (1.8) 28.9 (3.7) 0.6309

   Self-perceived health status 0.0103 0.0848

      Good 11.5 (1.7) 17.3 (1.5) 15.2 (1.3) 22.3 (3.4)

      Fair 50.4 (2.7) 52.8 (2.2) 44.7 (1.8) 44.4 (4.6)

      Poor 38 (2.7) 29.9 (1.9) 40.1 (1.8) 33.4 (4.2)

   Comorbidity

      Asthma 2.4 (0.8) 1.7 (0.5) 0.4952 4.7 (0.8) 3.7 (1.5) 0.5990

      Hypertension 48.1 (2.7) 35.9 (2.1) 0.0003 71.7 (1.6) 66.3 (4.1) 0.2076

      Dyslipidemia 43.5 (2.8) 33.4 (2.1) 0.0038 43.6 (1.9) 38.8 (4.2) 0.2947

(Continued to the next page)



Ko YM, et al.

60 Diabetes Metab J 2021;45:55-66  https://e-dmj.org

Characteristic
Diabetics <65 years Diabetics ≥65 years

Vaccinated 
(n=433)

Unvaccinated 
(n=752) P value Vaccinated 

(n=1,005)
Unvaccinated 

(n=177) P value

      Cerebrovascular attack 4.2 (1) 4.5 (0.9) 0.8435 8.8 (1) 10.1 (2.5) 0.6041

      Coronary artery disease 6.4 (1.4) 3.4 (0.7) 0.0326 9.2 (1) 6.6 (1.9) 0.2599

      Chronic renal disease 6 (1.2) 2.5 (0.6) 0.0029 18 (1.4) 8.6 (2.3) 0.0049

      Chronic liver disease 2.4 (0.7) 2.1 (0.5) 0.7193 2.5 (0.5) 3.7 (1.5) 0.3684

      Cancer 4.7 (1) 3.1 (0.6) 0.1372 8.7 (1) 8.6 (2.5) 0.9448

   Health screening in recent 2 yr 73.2 (2.6) 64.3 (2) 0.0082 64.6 (1.8) 65.7 (4.1) 0.8150

   Outpatient visit in recent 2 wk 0.093±0.09 0.059±0.05 0.0005 1.06±0.07 0.96±0.16 0.5202

   Diet therapy 41.9 (2.8) 34.6 (2.1) 0.0337 38.1 (1.9) 40.5 (4.5) 0.6230

   Treatment

      Non-pharmacological 18.6 (2.6) 19 (2.3) 0.9098 12.7 (1.3) 13.1 (3.6) 0.9352

      Oral medication 97.1 (1) 97 (0.9) 0.9877 98.4 (0.5) 99.5 (0.5) 0.2810

      Insulin 8.6 (1.7) 9 (1.5) 0.8725 9 (1.2) 5.7 (2.1) 0.2364

Values are presented as mean±standard error (SE) or percentage (SE).
HbA1c, glycosylated hemoglobin.

Table 2. Continued

Table 3. Comparison of diabetic factors according to influenza vaccination in diabetic patients based on 65 years

Diabetics <65 years Diabetics ≥65 years

Vaccinated Unvaccinated P value Vaccinated Unvaccinated P value

Awareness 72.1 (2.5) 57.3 (2.1) <0.0001 83.9 (1.4) 83.6 (3) 0.9240

Treatment 66.5 (2.6) 49.9 (2.1) <0.0001 79.3 (1.5) 76.8 (3.4) 0.4926

Control 27.3 (2.3) 29.9 (2) 0.3717 34.2 (1.8) 32.9 (4.1) 0.7649

Values are presented as percentage (standard error).

Fig. 1. Influenza vaccination coverage rate by age groups in diabetic and non-diabetic groups.
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awareness and treatment rate than the unvaccinated group. In 
diabetic patients over 65 years, such differences between vacci-
nated and unvaccinated groups were not observed. There was 
no significant difference in control rate between vaccinated 
and unvaccinated groups in diabetic patients both age below 
65 and more than 65 years. 

Factors associated with influenza vaccination rate in 
diabetic patients below 65 years and more than 65 years
In multivariate logistic regression analysis, more awareness and 
getting treated for diabetes were significantly associated with 

influenza vaccination in diabetic patients under 65 years. There 
was no association between treatment and control rate of diabe-
tes and influenza vaccination in diabetic patients under 65 
years. On the other hand, diabetic patients over 65 years showed 
no factors associated with influenza vaccination (Table 4).

DISCUSSION

Influenza vaccination is important to reduce morbidity and 
mortality of diabetic patients [12,13]. In our study, the influen-
za vaccination rate was 85% in diabetic patients over 65 years. 

Table 4. Multivariate logistic regression analysis for influenza vaccination in diabetic patients based on 65 years

Variable
Odds ratio (95% confidence interval)

Diabetics <65 years Diabetics ≥65 years

Awareness 1.496 (1.022–2.188) 1.023 (0.585–1.789)

Treatment 1.413 (1.018–2.054) 1.214 (0.731–2.003)

Control 0.728 (0.474–1.120) 0.932 (0.525–1.654)

Age 1.015 (0.988–1.042) 1.093 (1.043–1.146)

Sex 1.361 (0.793–2.337) 1.004 (0.541–1.997)

Ex-smoker vs. never 0.857 (0.484–1.519) 0.626 (0.319–1.232)

Current smoker vs. never 1.025 (0.592–1.775) 0.498 (0.242–1.026)

Mild to moderate drinker vs. never 0.902 (0.647–1.257) 0.851 (0.550–1.315)

Heavy drinker vs. never 0.716 (0.398–1.289) 1.545 (0.519–4.599)

Education, middle vs. elementary or lower 0.658 (0.396–1.094) 1.144 (0.649–2.016)

Education, high vs. elementary or lower 0.565 (0.354–0.903) 1.171 (0.652–2.103)

Education, college or higher vs. elementary or lower 0.478 (0.275–0.832) 1.293 (0.555–3.011)

Monthly income (second vs. lowest) 0.742 (0.452–1.218) 1.567 (1.241–2.456)

Monthly income (third vs. lowest) 0.927 (0.567–1.515) 1.488 (0.762–2.906)

Monthly income (highest vs. lowest) 1.571 (0.962–2.567) 1.221 (0.573–2.515)

Employed 0.858 (0.589–1.251) 1.604 (1.041–2.470)

Hypertension 1.364 (0.977–1.902) 1.142 (0.746–1.747)

Dyslipidemia 1.233 (0.882–1.725) 1.087 (0.720–1.642)

Cerebrovascular attack 0.506 (0.265–0.963) 0.704 (0.374–1.326)

Coronary artery disease 1.319 (0.677–2.570) 1.501 (0.712–3.218)

Chronic renal failure 1.942 (0.704–3.881) 1.874 (0.989–3.554)

Health screening in recent 2 yr 1.295 (0.892,1.878) 1.239 (0.802–1.915)

Outpatient visit in recent 2 wk 1.124 (0.999–1.264) 1.030 (0.907–1.171)

HbA1c 0.921 (0.731–1.161) 0.847 (0.638–1.124)

Fasting plasma glucose 1.001 (0.996–1.007) 1.002 (0.992–1.007)

Self-perceived health status 1.088 (0.845–1.401) 1.353 (1.014–1.806)

Diet therapy 1.080 (0.784–1.489) 0.890 (0.588–1.345)

HbA1c, glycosylated hemoglobin.
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However, in diabetic patients under 65 years, the influenza 
vaccination rate was 35.4%, which was considerably lower than 
desired when considering the target of the WHO in the influ-
enza vaccination was 75%. This difference of influenza vacci-
nation rate was also identified in a previous study (78.7% in di-
abetics over 65 years; 34.3% in diabetics under 65 years) [25]. 
In other words, there is a significant gap in influenza vaccina-
tion rate between diabetic patients under 65 years and over 65 
years. Reducing such gap might contribute to the reduction of 
morbidity and mortality in all diabetic patients. In order to re-
duce this gap, it is important to increase influenza vaccination 
rate of diabetic patients under 65 years and investigate clinical 
features related to influenza vaccination in diabetic patients 
under 65 years.

Our study showed that awareness and treatment rates of dia-
betes in diabetic patients under 65 years were significant fac-
tors associated with influenza vaccination. Awareness and 
treatment rates of diabetes have long been known as important 
factors for reducing overall mortality and complications of dia-
betes. According to a study by the American Medical Care Sys-
tem, the onset of diabetes on average is up to 10 to 12 years be-
fore clinical diagnosis [26]. Complications such as diabetic ret-
inopathy and diabetic neuropathy are commonly found at the 
time of diagnosis. Cardiovascular diseases such as peripheral 
arterial disease and coronary heart disease are co-diagnosed in 
many cases [27]. In addition, overall mortality in diabetic pa-
tients is associated with these complications and comorbidities 
[28]. Therefore, early diagnosis and treatment is very impor-
tant to prevent complications and comorbidities of diabetes 
and reduce overall mortality. Our study found that awareness 
and treatment rates of diabetes were related to influenza vacci-
nation as well as overall mortality and comorbidity of diabetes. 
This is a different result from several previous studies. In a na-
tion-wide cross-sectional study, Shin et al. [25] have reported 
that socioeconomic factors (older age, higher family income, 
and medical aid insurance) and health-related factors (lack of 
risky alcohol consumption, obesity, and recent health screen-
ing) can affect influenza vaccination in diabetic patients under 
65 years. One United States study has reported that there are 
significant differences in influenza vaccination according to 
race of patients with diabetes [29]. Studies in other chronic 
diseases than diabetes have also reported that socioeconomic 
factors and health-related factors are significant factors associ-
ated with influenza vaccination [30-33]. However, results of 
the present study showed that awareness and treatment rates of 

diabetes, not socioeconomic factors or health-related factors, 
were significant factors affecting influenza vaccination in dia-
betic patients under 65 years. This means that both awareness 
and treatment of diabetes are more important for influenza 
vaccination than individual socioeconomic situation or health 
behavior in diabetic patients under 65 years. These results cor-
respond to other previous studies. One study has shown that 
awareness of diabetes can lead to significantly higher odds of 
influenza vaccination than non-awareness [34]. Another study 
has shown that although awareness and treatment rate of dia-
betes are close to 70% in diabetic patients over 65 years old, 
they are much lower in the group under 65 years, especially in 
men than in women [23]. In other words, low awareness of di-
abetes in diabetic patients of relatively younger age can lead to 
low treatment rate and low influenza vaccination rate. Those 
who are unaware of diabetes are less likely to visit a hospital 
and receive treatment. Since they are not exposed to health in-
formation, they are less likely to be vaccinated. This appears 
only in diabetic patients under 65 years. Influenza vaccination 
rate was higher than 80% in the group over 65 years with or 
without diabetes. In diabetic patients over 65 years, there was 
no significant association between influenza vaccination and 
awareness rate for diabetes. This is because influenza vaccine is 
given to people over 65 years free of charge under the govern-
ment policy in Korea.

Although multivariate analysis in our study confirmed that 
awareness and treatment rates of diabetes was significantly as-
sociated with influenza vaccination in diabetic patients under 
65 years, univariate analysis results were similar to those of 
previous studies. Influenza vaccination rate was higher in 
women aged both under 65 years and older than 65 years, as 
shown in previous studies [25,35]. In general, females have a 
tendency to prefer healthy lifestyle. Thus, they have higher 
probability to get health information and take preventive ac-
tion like vaccination than males [36,37]. However, other previ-
ous studies have shown higher vaccination rates in males 
[38,39]. Thus, further research is needed to clarify this. Smok-
ing and drinking rates were lower in the vaccinated group than 
those in the unvaccinated group. Rates of health screening 
within the past 2 years, comorbidities, numbers of outpatient 
visits in recent 2 weeks, and diet therapy were also higher in 
the vaccinated group. FPG and HbA1c levels in the vaccinated 
group were lower than those in the unvaccinated group. These 
factors might be associated with influenza vaccination in that 
they reflect health-related behavior. In other words, patients 
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with more comorbidities and outpatient visits will visit hospi-
tals more often and see doctors more often, thereby receiving 
more information and recommendations on influenza vacci-
nation. In addition, because they exhibit more concern about 
their health, they are more likely to have health-related behav-
iors such as non-drinking, quitting smoking, health screening, 
diet, etc., leading to better glycemic control. These health-relat-
ed behaviors are considered to be ultimately related to preven-
tive measures such as influenza vaccination. Association be-
tween educational level and influenza vaccination varies from 
study to study. In previous studies in United States, Poland, 
and Austria, those with high educational level show high vac-
cination coverage [40-42]. However, those with high educa-
tional level show low vaccination coverage in studies conduct-
ed in China, Spain, and Italy [43,44]. Studies in Korea have re-
ported that those with low educational level show high vacci-
nation coverage [19,30,45-47]. In line with these studies in Ko-
rea, educational level shows a negative association with vacci-
nation in our study. Our study also found higher employment 
rates in the unvaccinated group. In other words, higher educa-
tion level leads to higher employment rate and being busy and 
lack of time to get vaccinated are among reasons why people 
do not get vaccinated. In the case of unemployed people, time 
available for vaccination is the possible reason for their high 
vaccination coverage. A recent study in Korea has shown that 
those with low educational level think themselves as unhealthy 
that they are more likely to be vaccinated [30]. Our study also 
showed that self-perceived health-status was poorer in the vac-
cinated group, consistent with the above finding. Also, a Spain 
study has shown that those with high educational level are 
more hesitant to have vaccination as they tend to criticize vac-
cination recommendation from government and find alterna-
tives [43].

The current study has several limitations. First, the survey 
examined whether participants were vaccinated last year. This 
could not reflect recent changes in their current circumstances. 
Second, data about influenza vaccination were obtained from 
subjects’ own reports. This is a possibility to cause recall bias. 
Third, the vaccinations were investigated last year only, so we 
could not include the previous vaccination history. Finally, this 
study was inevitably performed with cross-sectional design 
because of retrospective analysis of established data set. Thus, 
it is difficulty to validate the causality. However, our study had 
several strengths. Our data were taken from a nation-wide sur-
vey sample showing high response rate. In addition, a wide 

range of data which could surmount potential confounding 
factors was available. Moreover, our data were collected from a 
sample of big size, which could augment the accuracy of our 
results and tolerate various statistical adjustments. Further-
more, this is the first study to report that awareness and treat-
ment rates of diabetes are related to influenza vaccination in 
diabetic patients under 65 years.

In conclusion, awareness and treatment rates of diabetes in 
patients under 65 years were significantly associated with in-
fluenza vaccination. This suggests that it is more important to 
be aware of diabetes and receive consistent treatment rather 
than how well diabetes is controlled to increase influenza vac-
cination rate in patients with diabetics under 65 years. Further, 
it is also important to increase active screening and treatment 
adherence for diabetes to increase influenza vaccination rate. 
In addition, vaccination rate might be increased by expanding 
free vaccination, even for patients with diabetics younger than 
65 years. Although further study on cost-effectiveness of this 
strategy must be made in the future, our study may be the basis 
for establishing a national policy on free vaccination for influ-
enza in diabetic patients.
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