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Abstract
Background: Although the in�uenza vaccine has been proven to be effective, this common disease has
high morbidity and mortality rates. Moreover, adults with diabetes are at a high risk of in�uenza-mediated
morbidity and mortality. With the increasing prevalence of diabetes and the e�cacy of vaccination in
preventing in�uenza, the aim of this study was to investigate the factors associated with in�uenza
vaccination coverage in patients with diabetes.

Methods: Cross-sectional data were obtained from the Korea National Health and Nutrition Examination
Survey (2016–2018). We analyzed whether sociodemographic, health-related, and medical factors are
associated with in�uenza vaccination coverage in patients with diabetes. A complex sample logistic
regression analysis was performed and odds ratios (ORs) were estimated by adjusting for statistically
signi�cant factors.

Results: The number of survey subjects was 18553. The vaccination coverage rate among patients with
diabetes was 60.6%. In the univariate analysis, gender, educational level, smoking, exercise, drinking,
marital status, private health insurance, activity limit, economic activity, age, and EuroQol-5 Dimension
scores were associated with vaccination coverage. In the multivariate analysis, only age and economic
activity were associated with vaccination coverage. The vaccination coverage rate was higher for people
who did not undertake economic activities and who were older (OR 1.512 (1.087–2.105), OR 2.212
(1.822–2.686), respectively, p < 0.001).

Conclusions: National interventions involving public health centers are necessary to encourage in�uenza
immunization for patients with diabetes, especially younger patients and those who are working or
undertaking economic activities. 

1. Background
Despite the proven effectiveness of the in�uenza vaccine, this common disease still has high morbidity
and mortality rates [1]. Vaccination is the most cost-effective way of reducing the risk of in�uenza and its
complications, especially in older adults and patients with chronic diseases [1–3]. Seasonal in�uenza
pandemics are disastrous for public health, especially during winter [1]. Further, adults with diabetes are
at a high risk of in�uenza-mediated morbidity and mortality [4, 5]. A recent study of morbidity and
mortality among patients with coronavirus disease 2019 (COVID-19) found that the disease is more
severe in patients with diabetes [6, 7]. Among the fatalities caused by COVID-19, research demonstrates
that diabetes was the second-most common comorbidity after hypertension [7]. Indeed, diabetes has
been found to increase patient vulnerability in all viral diseases.

In a Canadian study, patients with diabetes, even those aged under 65 years, were found to be susceptible
to in�uenza and had higher rates of in�uenza-attributable all-cause hospitalization [4]. The reason for the
increased vulnerability to in�uenza in patients with diabetes is their impaired immune response; they
have abnormal CD4/CD8 ratios, and their natural killer cells and monocytes do not function well [8, 9].



Page 3/15

For effective prevention against in�uenza, the World Health Organization (WHO) recommends a
vaccination coverage rate (VCR) of at least 75% in vulnerable populations [10]. However, recent data
demonstrate that the recommended in�uenza VCR is not being achieved in most countries [11–13].

In 2011, 366 million patients worldwide were recorded as having diabetes, and according to the
International Diabetes Federation, this number is expected to increase by 50% by 2030 [14]. As the
prevalence of diabetes increases and people with diabetes remain vulnerable to infection [15, 16], it is
important to examine the in�uenza VCR in this population. In South Korea, national support for the
in�uenza VCR is very high, and it contributes to various indicators, including in�uenza-related outpatient
consultations, hospitalization and excess mortality, quality-adjusted life years, and the incremental cost-
effectiveness ratio [17].

Despite this support for the in�uenza VCR and the existence of related research in South Korea, existing
studies have focused only on chronic obstructive pulmonary disease [18], other chronic diseases [19, 20],
or older adults [21–23]. Thus, the aim of this study is to evaluate the socioeconomic, personal, and
environmental factors associated with the in�uenza VCR among people with diabetes, who are very
vulnerable to infection.

2. Methods

2.1. Data source
This study was conducted using cross-sectional data obtained from the 2016–2018 Korea National
Health and Nutrition Examination Survey (KNHANES). The KNHANES is annually conducted to assess the
health and nutritional status of the non-institutionalized civilian population in South Korea. These
investigations, which include a health interview survey, a health examination survey, and a nutrition
survey, are conducted by trained investigators. In the present study, a clustered and strati�ed random
sampling method based on national census data was used. Participants below the age of 19, as well as
those who did not faithfully complete the test, were excluded from the study.

Further, diabetes was the only disease included in the survey; all other chronic diseases, such as
cardiovascular disease, respiratory disease, liver disease, and cancer, were excluded.

2.2. Ethical considerations
The study was approved by the Clinical Trial Screening Committee of W Hospital, and the requirement of
informed consent was waived (institutional review board approval number: 2020-03-013). Detailed
information on the KNHANES is available for reference on the website [24]. The present study complies
with the principles laid down in the amended Declaration of Helsinki.

2.3. Sociodemographic factors
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The following sociodemographic factors were considered: age, gender, educational level, economic
activity, marital status, and cohabitation status. Educational level was classi�ed into four groups:
elementary school graduates, middle school graduates, high school graduates, and university graduates.
Marital status was divided into two groups: married and unmarried. Cohabitation status was divided into
four groups: cohabiting, separated, bereaved, and divorced. Non-employment was divided into two
groups: unemployed and non-economically active.

2.4. Health behavior and medical factors
Subjective health status and disease were investigated as medical factors. Subjective health status was
classi�ed into �ve groups: very good, good, average, bad, and very bad. The participants’ usually
perceived level of stress was investigated through the following statements: 1) “I feel a great deal of
stress,” 2) “I feel much stress,” 3) “I feel a little stress,” 4) “I hardly feel stress,” 5) “Not applicable,” and 6)
“Unknown.”

Choosing statement 1 or 2 indicated that participants experienced much stress, while choosing statement
3 or 4 indicated that they experienced less stress. A stress-sensitive participant was marked 1, and a less
stress-sensitive participant was marked 0. The average value was recorded as the stress recognition rate.

The EuroQol-5 Dimension (EQ-5D) is a comprehensive index used to assess health-related quality of life
(HRQoL) through �ve dimensions: exercise ability, self-management, daily activities, pain/discomfort, and
anxiety/depression. The closer the score is to 1, the higher the HRQoL [25].

Regarding smoking status, participants were classi�ed as either smokers or non-smokers. People who
smoked at the time of data collection or had smoked more than 100 cigarettes throughout their lives were
de�ned as smokers. Alcohol consumption was investigated by calculating the amount of alcohol
consumed by a participant per week in grams. The International Physical Activity Questionnaire was used
to measure the extent of physical exercise; “regular exercise” was de�ned as exercising at least �ve times
a week for 30 minutes per session, or participation in vigorous physical activity three times a week for
more than 20 minutes per session.

The participants’ blood samples were randomly collected after an eight-hour fast and subjected to
laboratory testing. The samples were immediately processed, refrigerated, and transported to the central
laboratory (Neodin Medical Institute, Seoul, South Korea).

2.5. Statistical analysis
SPSS for Windows version 21.0 (IBM Corp., Armonk, NY, USA) was used for statistical analysis, and
statistical signi�cance was set at p < 0.05. Owing to the complexity of KNHANES data, a complex sample
analysis was conducted considering weights. Weights were applied according to the Centers for Disease
Control and Prevention’s guidelines for using KNHANES raw data.

For the overall results, a frequency analysis was performed using the Complex Samples Frequencies
procedure. The complex sample Rao-Scott adjusted chi-square test and complex sample generalized
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linear model were used to compare differences in the general characteristics of patients with and without
diabetes. A complex sample logistic regression test was used to analyze the factors associated with
in�uenza vaccination among patients with diabetes.

3. Results

3.1. General characteristics and diabetes prevalence
(Table 1)
There were two groups—patients with and without diabetes. Among patients with diabetes, there were
more people with an educational level of primary school or lower than those who had a college degree or
higher (36% vs. 15%). Further, in this group, 18.3% were smokers, 33.4% engaged in aerobic exercise, and
44.3% drank monthly. The average stress perception rate was 23.5%, 96.6% were married, 72.1% were
living with someone, 58.6% had private health insurance, and 16% performed limited physical activity.
When evaluating their subjective health, the proportions of participants with diabetes who answered “very
good” (1.4%) and “good” (10.8%) were low. Further, 46.9% were not employed and had lower EQ-5D
scores than people not living with diabetes (0.90 ± 0.004 vs. 0.96 ± 0.001; p < 0.0001).
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Table 1
General characteristics and diabetes prevalence

  N = 18553 Normal Diabetes p-
value

Gender Men 8127 (49.8) 7240
(49.6)

885
(52.3)

0.058

Women 10426 (50.2) 9496
(50.4)

924
(47.7)

Educational level ≤ Elementary
school

3656 (13.9) 2907
(12.1)

749 (36) < 
0.0001

Middle school 1782 (8.3) 1490 (7.7) 292
(15.7)

High school 5617 (33.2) 5184
(33.7)

433
(27.4)

≥ College 6530 (39.1) 6296
(41.1)

234 (15)

Smoking   3338 (21.3) 3044
(21.6)

293
(18.3)

< 
0.0001

Exercise   7554 (43.8) 7008
(44.6)

546
(33.4)

< 
0.0001

Drinking   9888 (58.1) 9158
(59.2)

729
(44.3)

< 
0.0001

Stress recognition   4903 (28.1) 4503
(28.5)

398
(23.5)

< 
0.0001

Marital status Married 15477 (76.8) 13708
(75.1)

1761
(96.6)

< 
0.0001

Single 3076 (23.2) 3028(24.9) 48(3.4)

Cohabitation

status

Cohabiting 12837 (65.6) 11560
(65.1)

1271
(72.1)

< 
0.0001

Separated 116 (0.6) 100 (0.5) 16 (0.9)

Bereaved 1705 (6.6) 1333 (5.6) 371
(18.4)

Divorced 812 (3.9) 708 (3.8) 103 (5.3)

Private health
insurance

  14172 (80.7) 13227
(82.6)

944
(58.6)

< 
0.0001

Activity limit   1514 (6.5) 1211 (5.8) 303 (16) < 
0.0001

Subjective health Very good 799 (4.5) 774 (4.7) 25 (1.4) < 
0.0001
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  N = 18553 Normal Diabetes p-
value

Good 4164 (23.9) 3962 (25) 201
(10.8)

Average 9203 (49.6) 8402 (50) 801
(45.5)

Bad 2769 (14) 2290
(12.9)

479
(26.7)

Very bad 765 (3.1) 9 (16.1) 216
(10.7)

Economic activity Employed 10677 (61.1) 9906
(62.3)

771
(47.3)

< 
0.0001

Non-employed 6918 (33.5) 5980
(32.4)

938
(46.9)

In�uenza
vaccination

Yes 7750 (35.4) 6557
(33.3)

1193
(60.6)

< 
0.0001

No 9900 (59.5) 9373
(61.6)

527
(34.1)

Frequency of
vaccination

1 7675
(35.1)

6493 (33) 1182
(60.1)

< 
0.0001

2 75 (0.3) 64 (0.3) 11 (0.5)

Place of
vaccination

Public health center 2239
(24.5)

1796 (23) 443
(34.9)

< 
0.0001

Hospital, 5210
(70.4)

4484
(71.6)

726
(62.8)

Others 295 (5.0) 272 (5.4) 23 (2.2)

Age, years   40.87 ± 
0.27

45.89 ± 
0.23

63.60 ± 
0.36

< 
0.0001

EQ-5D   0.95 ± 
0.001

0.96 ± 
0.001

0.90 ± 
0.004

< 
0.0001

HbA1c   5.61 ± 
0.008

5.51 ± 0.01 7.21 ± 
0.04

< 
0.0001

Smoking: the percentage of people who had smoked more than �ve packets of cigarettes (100 cigarettes)
in their lifetime or who smoked at the time of the survey; alcohol: percentage of participants who had an
alcohol intake of more than once a month in the last year; non-employed: unemployed and non-
economically active population; stress: percentage of stress in everyday life; EQ-5D: EuroQol-5 Dimension;
HbA1c: hemoglobin A1c.
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Values are presented as number (%) or mean ± standard deviation.

a The p-value was calculated using the complex sample Rao-Scott adjusted chi-square test and complex
sample generalized linear model t-test.

People with diabetes had higher in�uenza VCRs compared with those who did not have diabetes (60.6%
vs. 34.1%). People with diabetes were rarely inoculated twice a year and were more likely to be vaccinated
in hospitals or clinics than in public health centers (62.8% vs. 34.9%; p < 0.0001).

3.2. Factors associated with in�uenza vaccination among
people with diabetes (Table 2)
A single analysis of factors associated with in�uenza vaccination among people with diabetes revealed
that women had higher VCRs than men. Further, those with an educational level of primary school or
lower had higher VCRs than those who had obtained a college degree or higher (odds ratio (OR) 1.928
(1.516–2.452), OR 4.215 (2.905–6.116), respectively; p < 0.001).

VCRs were higher among non-smokers, those who did not practice aerobic exercise, and those who were
not monthly drinkers (OR 2.437 (1.766–3.363), OR 1.339 (1.034–1.734), OR 2.180 (1.689–2.814),
respectively; p < 0.001).

VCRs were low among unmarried participants and high among non-private health subscribers (OR 0.184
(0.081–0.418), OR 2.984 (2.323–3.835), respectively; p < 0.001). VCRs were also higher among those with
limited physical activity and those who were not employed (OR 1.471 (1.048–2.065), OR 3.236 (2.473–
4.235), respectively; p < 0.001).

The VCR increased as participants’ age increased by 10 years, and as the EQ-5D score decreased by 1
(OR 2.586 (2.208–3.028), OR 10.939 (3.961–30.207), respectively; p < 0.001).

A multivariate analysis of the factors associated with in�uenza vaccination among people with diabetes
demonstrated that VCRs were higher among those who were not employed, and that VCRs increased with
age (OR 1.512 (1.087–2.105), OR 2.212 (1.822–2.686), respectively; p < 0.001).
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Table 2
Factors associated with in�uenza vaccination among people with diabetes

  Univariate Multivariate

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

Gender Men 1 1

Women 1.928 (1.516–2.452) 1.095 (0.79–1.519)

Educational level ≤ Elementary 4.215 (2.905–6.116) 1.266 (0.785–2.042)

Middle 2.406 (1.548–3.739) 1.462 (0.88–2.429)

High 1.409 (0.947–2.096) 1.225 (0.766–1.961)

≥ College 1 1

Smoking No 2.437 (1.766–3.363) 1.319 (0.902–1.930)

Exercise No 1.339 (1.034–1.734) 0.822 (0.607–1.112)

Drinking No 2.180 (1.689–2.814) 1.134 (0.826–1.558)

Marital status Married 1 1

Single 0.184 (0.081–0.418) 0.566 (0.193–1.659)

Private health insurance No 2.984 (2.323–3.835) 1.061 (0.774–1.456)

Activity limit Yes 1.471 (1.048–2.065) 0.821 (0.531–1.271)

Economic activity Employed 1 1

Non-employed 3.236 (2.473–4.235) 1.512 (1.087–2.105)

Age 10-year increase 2.586 (2.208–3.028) 2.212 (1.822–2.686)

EQ-5D -1 10.939 (3.961–30.207) 1.08 (0.365–3.193)

OR: odds ratio, CI: con�dence interval.

Smoking: the percentage of people who had smoked more than �ve packets of cigarettes (100 cigarettes)
in their lifetime or who smoked at the time of the survey; alcohol: percentage of participants who had an
alcohol intake of more than once a month in the last year; non-employed: unemployed and non-
economically active population; EQ-5D, EuroQol-5 Dimension.

Adjusted for gender, age, educational level, smoking, exercise, drinking, marital status, private health
insurance, activity limit, economic activity, age, EQ-5D score.

a OR and 95% CI were calculated using a complex sample logistic regression test.
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4. Discussion
As previously discussed, people with diabetes are especially vulnerable to all infectious diseases,
including in�uenza. Recently, people with diabetes were reported to have the second-highest mortality risk
from COVID-19. Before highlighting the need for vaccination, however, it is necessary to evaluate the
factors associated with the in�uenza VCR among people with diabetes. Previous South Korean studies
that investigated the in�uenza VCR and associated factors have focused either on the general population
[26, 27] or those with other chronic diseases [19, 20].

As people with diabetes are more susceptible to in�uenza and have a greater risk of medical
complications from infection, the WHO and several National Immunization Technical Advisory Groups
recommend annual in�uenza vaccination [28, 29].

A systematic review and meta-analysis of people with diabetes demonstrated that the effectiveness of
the in�uenza vaccine differs slightly according to age [30]. Overall, the effectiveness of the in�uenza
vaccine among working-age people (18–64 years old) was 58%. Although hospitalization due to
in�uenza or pneumonia did not affect the overall mortality rate, it was found that vaccination for
in�uenza decreased the hospitalization rate among people with diabetes of working age. In addition,
vaccination for in�uenza among older adults (over 65 years old) has been demonstrated to reduce
mortality rates from all causes, hospitalization rates from all causes, and hospitalization rates from
in�uenza or pneumonia [30].

The �ndings mentioned above prove that the in�uenza vaccine is important, regardless of age and
comorbid diseases. Thus, efforts to increase the in�uenza VCR are required. VCRs vary from country to
country, and the factors affecting the rate within each country are different [31]. Therefore, in this study,
we sought to identify the factors associated with the in�uenza VCR in South Korea.

According to the most recent data, the in�uenza VCR among people with diabetes in South Korea was
60.6%. In a recent study, the goal was to increase the in�uenza VCR to 90% among people over 65, and
60% among high-risk groups aged 18–64 in the United States [32]. In comparison with these numbers, the
VCR in South Korea has met the target rate. The high VCR can be attributed to the South Korean medical
system. In South Korea, the National Health Insurance Service is mandatory for everyone. Under this
program, people receive deductions for a signi�cant portion of medical costs. They also receive bene�ts
when utilizing health management services. The cost of in�uenza vaccination varies slightly depending
on the type of vaccine and hospital, but does not exceed $50. As per the national policy, people aged
above 65 receive free immunization.

Although the VCR across risk groups and countries continues to increase, few countries are close to
achieving the VCR target set by the WHO [28]. In the univariate analysis, many variables, such as gender,
educational level, smoking, exercise, drinking, marital status, private health insurance, activity limit,
economic activity, age, and EQ-5D score were found to be associated with the VCR. However, the
multivariate analysis revealed that only age and economic activity were associated with the VCR. This
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study demonstrates that there are only two individual patient factors that are associated with VCRs.
Ultimately, national health programs are necessary to increase the VCR among patients with diabetes.

A study of 10 countries in Africa, Asia-Paci�c, Eastern Europe, Latin America, and the Middle East
demonstrated that the in�uenza VCR is not affected by patient factors [33]. This is similar to our �ndings
and suggests that national programs are necessary to increase the in�uenza VCR [33]. Indeed, the UK has
achieved its target VCR, and this is the result of active national support and health programs [34].

Although the rates were calculated in different years, a study conducted in �ve European countries
demonstrated that the in�uenza VCRs among patients with chronic diseases, such as diabetes, were as
follows: 59.4% in the UK, 29.8% in Germany, 36.7% in Italy, 34.4% in France, and 37.1% in Spain [35].

In a large-scale study in European countries conducted after the previously mentioned study, an increase
in VCRs was observed [34]. However, they still did not reach the rate recommended by the WHO, indicating
that management at the national level is necessary [34].

Contradictory to our results, some studies have suggested that several factors affect VCRs. A study in
Singapore revealed that high income and high educational levels were associated with high VCR [36]. A
study in Spain demonstrated that the following factors affect the in�uenza VCR: age, urban residence,
income, marriage, health awareness, and caregivers [37]. A study of older adults in Brazil revealed that the
factors that increase the in�uenza VCR include old age, being male, high income, high educational level,
non-smoking, and solicitation [38]. In Canada, research demonstrated that higher education, higher
income, smoking, increased levels of drinking, poor health perception, exercise, and city dwelling
increased the in�uenza VCR [39]. A nationwide study in Spain revealed that old age, previous vaccination,
chronic disease, and being female increased the in�uenza VCR among the vulnerable population [40]. In
France, it was demonstrated that VCRs were higher in families with infants, higher educational levels,
professional occupations, and previous in�uenza vaccination [40].

In�uenza, which can be prevented through vaccination, causes signi�cant economic losses. In the United
States, the total annual cost related to in�uenza is €10,000–17,000 million [34]. French research
estimates that the total cost related to in�uenza is over €1,796 million per year [34]. These economic
losses highlight the importance of increasing the in�uenza VCR.

Based on the most recent data, the present study analyzed the factors associated with the in�uenza VCR
among people with diabetes in South Korea. However, it does have limitations. First, owing to the use of
cross-sectional data, causality cannot be established. Second, not all factors that could be associated
with vaccination history were considered.

5. Conclusions
This study demonstrated that the in�uenza VCR is low in younger and employed people, possibly owing
to time constraints. Overall, the in�uenza VCR is rarely associated with personal factors in people with
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diabetes. The results suggest that owing to the governmental healthcare system’s major impact on the
VCR, and based on the fact that only two personal factors were associated with the in�uenza VCR,
government intervention is necessary to increase the in�uenza VCR. Thus, it would be helpful to develop
a national program that connects companies with public health centers with the joint goal of improving
VCRs.
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