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1 INTRODUCTION

The World Health Organization (WHO) cites tobacco-related
death and illness as drivers of poverty, as they force individu-
als to bear high medical expenses.1 Furthermore, tobacco con-
tains over 7000 toxic chemicals including several known to be
human carcinogens.1 Given this, tobacco smoking is associ-
ated with numerous preventable chronic diseases. In addition
to the well-known tobacco-related lung cancer, smoking is
also a key risk factor for oral cancer, esophageal cancer, larynx
cancer, and pancreatic cancer.2,3 Stopping tobacco use is often
said to be the most important element of cancer prevention in
the world today.4 Although smoking has decreased in some
countries, there are still ≈120 million smokers globally.5 The
prevalence of smoking in South Korea is among the highest in
the world. In 2016, ≈40.7% of men and 6.4% of women over
the age of 19 were smokers in Korea.6 Therefore, government
and public health professionals have made intensive efforts
to reduce tobacco use by implementation of strong and effec-
tive tobacco control polices and measures, such as tobacco tax
increases, media campaigns.7

As social interest in quitting smoking has increased,
interest in electronic cigarettes has increased.8 Electronic
cigarettes are battery-operated devices that are designed to
vaporize a mixture of nicotine and other chemicals, which
heat the vapor via a battery.9 Recently electronic cigarettes
have been commonly used as a smoking cessation aid in South
Korea.10 Some advertisements describe electronic cigarettes
as a healthier alternative to conventional cigarettes.7 As this
perception of electronic cigarettes has become widespread
throughout the culture, the number of electronic cigarette
vapers has been growing rapidly.11,12 One prior study
suggested that people choose electronic cigarettes as a smok-
ing substitute; however, the risk of developing smoking-
related diseases, particularly periodontal diseases, could still
be high, as there is a lack of research about the safety of elec-
tronic cigarettes.13 Thus, this phenomenon should be urgently
examined.

Periodontal disease is a chronic inflammatory condition
characterized by destruction of the periodontal tissues,14
resulting in loss of connective tissue attachment, loss of
alveolar bone,15 and the formation of pathological pock-
ets around the diseased teeth.14 According to the 2013–
2015 Korean National Health and Nutrition Examination
Survey (KNHANES), 31.5% of people have periodontal dis-
ease (51.8% men; 48.2% women).16 Furthermore, oral dis-
eases in adult life are linked to other systemic illnesses,
making it important to manage oral diseases, as doing so can
prevent stroke, cancer, heart disease, obesity, and diabetes.17

Smoking is the single most important environmental factor
associated with non-inflammatory diseases of the oral cavity,
as well as being an important cause of periodontitis, which is
a limiting factor in dental health.18 Not only smoking, vaping

could influence on periodontal health. Some previous study
shows that direct exposure to electronic liquids has also been
shown to produce harmful effects in periodontal ligament
cells.19 Reactive aldehydes derived from electronic cigarette
aerosol can cause protein carbonylation which may lead to
destruction of matrix and bone loss during periodontitis.20,21
But still, the use of electronic cigarettes has increased for var-
ious reasons, including the perception that it is less harmful
than conventional cigarette smoking and that it can be used as
a means to quit smoking.8 Therefore, it is necessary to investi-
gate the possible association between electronic cigarette and
periodontal diseases and provide evidences that could support
determining whether or not vaping is safer than smoking. To
the authors’ knowledge, there is no clinical study that shows
the association of conventional cigarette smoking and elec-
tronic cigarette vaping with periodontal diseases using com-
munity periodontal index (CPI) score. The hypothesis of this
study is that vaping has significant relation to periodontal dis-
ease just as much as smoking does.

Consequently, the current study sought to examine the
association of electronic cigarette and conventional cigarettes
individually with periodontal disease among South Korean
adults.

2 METHODS

2.1 Participants
Data for this study was taken from a sample of the 2013–2015
KNHANES, an investigation into the health of the public, the
status of chronic diseases, and the status of food/nutrition. The
survey was conducted by the Korea Centers for Disease Con-
trol and Prevention (KCDC).

The total number of participants for the 2013–2015
KNHANES was 29,321. Information from individuals aged
1 to 18 years was excluded because KNHANES did not ask
persons aged under 19 years about cigarettes. Furthermore,
data were excluded from four individuals who were unable to
provide information about smoking or vaping cigarette. We
also excluded those who were unable to provide information
about age, education, marriage, region, income, alcohol sta-
tus, occupation, the number of days walking per week, sub-
jective health status, subjective stress level, subjective oral
health status, dental caries, toothache within past year, or the
experience of dental damage. Following all exclusions, a total
of 13,551 participants (men: 5,715 and women: 7,836) were
analyzed.

2.2 Variables
Participants were classified into four groups: electronic
cigarette users, conventional cigarette users, ex-users, and
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non-users. Individuals who answered “Yes” to the ques-
tions about electronic cigarettes were placed in the electronic
cigarette group. Individuals who reported “Yes” to the con-
ventional cigarette question, were placed in the conventional
cigarette group. Ex-users and non-users were determined by
a “Yes” answer to a direct question (i.e., “Are you a for-
mer cigarette user?”). Additionally, analyses included demo-
graphic, socioeconomic, and health-related characteristics.
The demographic analysis consisted of age, gender, and mari-
tal status. The socioeconomic analysis consisted of education,
region, household income level, and occupation. The health-
related characteristics analyzed were alcohol status, number
of walking days in a week, self-reported health status, and
stress level. Dental related variables, such as self-reported oral
health status, dental caries, toothache within the past year, and
the experience of dental damage were also included.

Periodontal disease was the main dependent variable in this
study. Periodontal status was divided into 0 to 4 points, using
the CPI, which was recommended by the WHO.22 A CPI score
of 0 represents healthy periodontal tissue, 1 means bleeding
periodontal tissue, 2 means periodontal tissue with plaques,
3 means periodontal tissue with shallow periodontal pockets
(3.5 ≤ pocket depth < 5.5 mm), and 4 means periodontal tis-
sue with deep periodontal pockets (pocket depth≥ 5.5 mm).23
In this study, a score of 3 to 4 was considered to denote peri-
odontal disease.24

2.3 Statistical analysis
A chi-square test was conducted to investigate the
general characteristics of the study population. Multiple
logistic regression analysis was performed to examine the
association of conventional cigarette smoking and electronic
cigarette vaping with periodontal disease, after accounting
for potential confounding variables including demographic,
socio-economic, and health-related characteristics. Results
are reported as odds ratio (OR) and confidence interval
(CI). Subgroup analyses were also performed with multiple
logistic regression stratified by gender, to investigate the
associations with self-reported oral health status, education
level, region, dental caries, toothache within the past year,
and the experience of dental damage. The analysis used a
stratified sampling variable (kstrata), clustering variable (pri-
mary sampling units) provided by KNHANES. All analyses
included the use of weighted variables. Differences were
considered statistically significant with a P value < 0.05. All
data analyses used SAS 9.4 software.

3 RESULTS

Table 1 presents the general characteristics of the study pop-
ulation. Included is the presence or absence of periodontal

disease according to sex. Among the participants (5,715 men
and 7,836 women), 2,206 men (38.6%) and 2,054 women
(26.2%) exhibited periodontal disease. The relationship
between vaping or smoking each cigarette and periodontal
disease was statistically significant. Additionally, differences
in demographic, socio-economic, and health-related charac-
teristics were also generally significant.

Table 2 shows the association of cigarette smoking and
electronic cigarette vaping with periodontal disease. Com-
pared to people who never used cigarettes, people who use
electronic or conventional cigarettes demonstrated a higher
risk of periodontal diseases. These results were especially
evident in men (men, electronic cigarette: OR = 2.41, 95%
CI = 1.57 to 3.72, conventional cigarette: OR = 2.22,
95% CI = 1.80 to 2.73). As age increased, both men and
women demonstrated an increased risk of periodontal dis-
ease. This was generally significant, but not statistically sig-
nificant from the age of 50 and older. People living in urban
areas were less likely to suffer periodontal disease than peo-
ple living in rural areas. Dental related variables were also
related to periodontal disease. In self-reported oral health sta-
tus, people who reported high levels of oral health demon-
strated a lower risk of periodontal disease. Furthermore, when
individuals reported dental caries or toothache, more peri-
odontal disease was noted for both sexes. These results were
significant for both men and women. Finally, while individu-
als who reported dental damage also exhibited more instances
of periodontal disease, the difference did not reach statistical
significance.

Table 3 shows results of subgroup analyses between
cigarette usage and periodontal disease, focusing on self-
reported oral health status, education level, region, dental
caries, toothache within the past year, and the experience
of dental damage. For self-reported oral health status, elec-
tronic cigarette vapers or conventional cigarettes smokers
demonstrated a higher likelihood of having periodontal dis-
ease than those who never used. Furthermore, the risk of
periodontal disease in cigarette users increased even in indi-
viduals who self-reported high levels of oral health. In other
words, self-reported oral health status did not have a large
effect in predicting periodontal disease. Other dental diseases,
such as dental caries, toothache, and dental damage, were
associated with an increased likelihood of periodontal dis-
ease in electronic cigarette vapers or conventional cigarette
smoker. However, the risk was also high for those who vap-
ing or smoking cigarette who did not report dental caries,
toothache, and/or dental damage. Vapers and smokers were
also more likely to have periodontal disease, regardless of
whether they lived in an urban or rural area, when compared
to individuals who never use cigarettes. Finally, vaping or
smoking individuals were more likely to suffer from periodon-
tal disease, regardless of education level, when compared to
non-users.
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T A B L E 1 General characteristics of study population
Male (n = 5,715) Female (n = 7,836)
Periodontal disease Periodontal diseaseTotal

(N = 13,551) Yes No Yes No
Variables n (%) n (%) n (%) P value n (%) n (%) P value
Cigarette usage <0.0001 <0.0001 0.0019

Electronic cigarette 222 (1.6) 67 (35.8) 120 (64.2) 10 (28.6) 25 (71.4)
Conventional cigarette 2,320 (17.1) 861 (44.0) 1,096 (56.0) 121 (33.3) 242 (66.7)
Ex-use 2,667 (19.7) 946 (41.9) 1,311 (58.1) 87 (21.2) 323 (78.8)
Non-use 8,342 (61.6) 332 (25.3) 982 (74.7) 1,836 (26.1) 5,192 (73.9)

Age (years) <0.0001 <0.0001 <0.0001
19–29 1,753 (12.9) 37 (4.7) 749 (95.3) 35 (3.6) 932 (96.4)
30–39 2,293 (16.9) 172 (18.4) 761 (81.6) 163 (12.0) 1,197 (88.0)
40–49 2,520 (18.6) 404 (38.4) 647 (61.6) 313 (21.3) 1,156 (78.7)
50–59 2,722 (20.1) 614 (55.3) 497 (44.7) 537 (33.3) 1,074 (66.7)
≥60 4,263 (31.5) 979 (53.4) 855 (46.6) 1,006 (41.4) 1,423 (58.6)

Educational level <0.0001 <0.0001 <0.0001
Middle school or less 4,097 (30.2) 738 (55.8) 584 (44.2) 1,135 (40.9) 1,640 (59.1)
High school 3,876 (28.6) 778 (46.1) 911 (53.9) 543 (24.8) 1,644 (75.2)
College and beyond 5,578 (41.2) 690 (25.5) 2,014 (74.5) 376 (13.1) 2,498 (86.9)

Marital Status <0.0001 <0.0001 <0.0001
Married 9,604 (70.9) 1,876 (44.2) 2,365 (55.8) 1,440 (26.9) 3,923 (73.1)
Separated or divorced 1,754 (12.9) 188 (54.5) 157 (45.5) 557 (39.5) 852 (60.5)
Unmarried 2,193 (16.2) 142 (12.6) 987 (87.4) 57 (5.4) 1,007 (94.6)

Region <0.0001 <0.0001 <0.0001
Urban 6,350 (46.9) 912 (34.9) 1,702 (65.1) 823 (22.0) 2,913 (78.0)
Rural 7,201 (53.1) 1,294 (41.7) 1,807 (58.3) 1,231 (30.0) 2,869 (70.0)

Household income level <0.0001 <0.0001 <0.0001
Low 2,412 (17.8) 453 (49.0) 471 (51.0) 582 (39.1) 906 (60.9)
Lower middle 3,449 (25.5) 582 (40.7) 848 (59.3) 578 (28.6) 1,441 (71.4)
Upper middle 3,755 (27.7) 585 (36.2) 1,033 (63.8) 464 (21.7) 1,673 (78.3)
High 3,935 (29.0) 586 (33.6) 1,157 (66.4) 430 (19.6) 1,762 (80.4)

Alcohol status <0.0001 0.3318 <0.0001
Never 1,635 (12.1) 111 (41.4) 157 (58.6) 513 (37.5) 854 (62.5)
Ever 11,916 (87.9) 2,095 (38.5) 3,352 (61.5) 1,541 (23.8) 4,928 (76.2)

Occupational
classification

<0.0001 <0.0001 <0.0001

White-collar 3,098 (22.9) 474 (29.7) 1,120 (70.3) 209 (13.9) 1,295 (86.1)
Blue-collar 3,167 (23.4) 920 (47.2) 1,031 (52.8) 458 (37.7) 758 (62.3)
Pink-collar 1,734 (12.8) 196 (31.0) 436 (69.0) 299 (27.1) 803 (72.9)
None 5,552 (41.0) 616 (40.1) 922 (59.9) 1,088 (27.1) 2,926 (72.9)

Number of days walking
per week

< 0.0001 < 0.0001 0.0001

None 2,268 (16.7) 434 (46.6) 497 (53.4) 420 (31.4) 917 (68.6)
1–2 2,386 (17.6) 401 (39.9) 604 (60.1) 359 (26.0) 1,022 (74.0)
3–4 2,789 (20.6) 422 (39.9) 635 (60.1) 434 (25.1) 1,298 (74.9)
5–6 2,292 (16.9) 331 (35.1) 611 (64.9) 330 (24.4) 1,020 (75.6)
Everyday 3,816 (28.2) 618 (34.7) 1,162 (65.3) 511 (25.1) 1,525 (74.9)

(Continues)
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T A B L E 1 (Continued)
Male (n = 5,715) Female (n = 7,836)
Periodontal disease Periodontal diseaseTotal

(N = 13,551) Yes No Yes No
Variables n (%) n (%) n (%) P value n (%) n (%) P value
Self-reported health

status
<0.0001 <0.0001 <0.0001

High 4,111 (30.3) 640 (32.3) 1,344 (67.7) 447 (21.0) 1,680 (79.0)
Middle 6,885 (50.8) 1,162 (40.4) 1,713 (59.6) 1,073 (26.8) 2,937 (73.2)
Low 2,555 (18.9) 404 (47.2) 452 (52.8) 534 (31.4) 1,165 (68.6)

Stress level <0.0001 <0.0001 <0.0001
High 3,336 (24.6) 417 (32.4) 869 (67.6) 477 (23.3) 1,573 (76.7)
Middle 7,901 (58.3) 1,309 (39.0) 2,047 (61.0) 1,170 (25.7) 3,375 (74.3)
Low 2,314 (17.1) 480 (44.7) 593 (55.3) 407 (32.8) 834 (67.2)

Self-reported oral health
status

<0.0001 <0.0001 <0.0001

High 1,997 (14.7) 258 (28.8) 637 (71.2) 233 (21.1) 869 (78.9)
Middle 5,595 (41.3) 675 (30.8) 1,517 (69.2) 728 (21.4) 2,675 (78.6)
Low 5,959 (44.0) 1,273 (48.4) 1,355 (51.6) 1,093 (32.8) 2,238 (67.2)

Dental caries <0.0001 0.0084 <0.0001
Yes 3,957 (29.2) 785 (41.0) 1,130 (59.0) 620 (30.4) 1,422 (69.6)
No 9,594 (70.8) 1,421 (37.4) 2,379 (62.6) 1,434 (24.7) 4,360 (75.3)

Toothache within the
past year

<0.0001 <0.0001 <0.0001

Yes 5,262 (38.8) 1,038 (46.3) 1,203 (53.7) 890 (29.5) 2,131 (70.5)
No 8,289 (61.2) 1,168 (33.6) 2,306 (66.4) 1,164 (24.2) 3,651 (75.8)

Experienced dental
damage

<0.0001 0.0760 0.3572

Yes 1,626 (12.0) 412 (41.1) 591 (58.9) 173 (27.8) 450 (72.2)
No 11,925 (88.0) 1,794 (38.1) 2,918 (61.9) 1,881 (26.1) 5,332 (73.9)

Year 0.0002 0.0935 0.0002
2013 4,836 (35.7) 752 (36.7) 1,295 (63.3) 676 (24.2) 2,113 (75.8)
2014 4,340 (32.0) 711 (39.9) 1,073 (60.1) 652 (25.5) 1,904 (74.5)
2015 4,375 (32.3) 743 (39.4) 1,141 (60.6) 726 (29.1) 1,765 (70.9)

Total 13,551 (100.0) 2,206 (38.6) 3,509 (61.4) 2,054 (26.2) 5,782 (73.8)

4 DISCUSSION

The WHO consistently reports on the severity of health
issues caused by smoking, and emphasizes the importance
of quitting.1,18 The worsening oral health of cigarette users,
represented by increases in various diseases, is especially
concerning.18,25–27 The American Academy of Periodon-
tology has stated that smoking is one of the risk factors
that may affect treatment and therapeutic outcomes for peri-
odontal diseases.28–30 In the current study, data from the
2013–2015 KNHANES yielded association of conventional
cigarette smoking and electronic cigarette vaping with peri-
odontal disease, after adjusting for demographic, socioeco-
nomic, and health-related characteristics. This association

was higher in both electronic cigarette vapers and conven-
tional cigarette smokers, when compared to non-users. These
results indicate that stopping cigarette use provides a substan-
tial benefit to periodontal health.31

Smoking leads to an augmentation in oral Gram-negative
bacteria, which in turn increases dental calculus and
gingivitis.32 As gingivitis is an initial symptom of periodon-
tal disease, this shows a clear path in how smoking ampli-
fies the risk of periodontal disease. This is true not only for
conventional cigarettes, but also electronic cigarettes, as the
current results indicate. In a previous study resembling ours,
the evidence suggested a correlation between vaping elec-
tronic cigarette and increased risk of periodontal damage due
to high levels of nicotine dosing.13 Electronic cigarette is a
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T A B L E 2 Factors associated with periodontal disease
Male Female
Periodontal disease Periodontal disease

Variables Adjusted OR 95% CI Adjusted OR 95% CI
Cigarette usage

Electronic cigarette 2.34 (1.52–3.59) 2.27 (0.89–5.80)
Conventional cigarette 2.17 (1.76–2.68) 1.73 (1.32–2.27)
Ex-use 1.28 (1.05–1.56) 1.00 (0.74–1.34)
Non-use 1.00 1.00

Age (years)
19–29 0.06 (0.04–0.09) 0.09 (0.06–0.16)
30–39 0.21 (0.15–0.28) 0.28 (0.20–0.39)
40–49 0.58 (0.46–0.74) 0.52 (0.41–0.66)
50–59 1.06 (0.86–1.30) 0.87 (0.73–1.03)
≥60 1.00 1.00

Educational level
Middle school or less 1.30 (1.04–1.64) 1.42 (1.09–1.84)
High school 1.37 (1.14–1.64) 1.18 (0.96–1.45)
College and beyond 1.00 1.00

Marital status
Married 1.05 (0.78–1.42) 1.52 (1.05–2.20)
Separated or divorced 1.06 (0.71–1.60) 1.55 (1.03–2.32)
Unmarried 1.00 1.00

Region
Urban 0.74 (0.62–0.89) 0.70 (0.59–0.84)
Rural 1.00 1.00

Household income level
Low 1.06 (0.81–1.39) 1.45 (1.15–1.83)
Lower middle 1.05 (0.83–1.32) 1.31 (1.08–1.59)
Upper middle 0.99 (0.81–1.22) 1.06 (0.87–1.28)
High 1.00 1.00

Alcohol status
Never 1.05 (0.73–1.50) 1.21 (1.03–1.42)
Ever 1.00 1.00

Occupational classification
White-collar 1.09 (0.84–1.42) 1.10 (0.89–1.37)
Blue-collar 1.01 (0.82–1.26) 1.11 (0.92–1.33)
Pink-collar 0.96 (0.73–1.26) 1.17 (0.97–1.41)
None 1.00 1.00

Number of days walking per week
None 1.04 (0.83–1.29) 0.99 (0.81–1.20)
1–2 1.12 (0.89–1.40) 1.14 (0.94–1.38)
3–4 1.09 (0.88–1.35) 1.18 (0.98–1.42)
5–6 1.05 (0.83–1.33) 1.08 (0.88–1.32)
Everyday 1.00 1.00

Self-reported health status
High 0.89 (0.69–1.15) 1.11 (0.90–1.38)
Middle 0.99 (0.79–1.23) (0.95–1.33)
Low 1.00 1.00

(Continues)
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T A B L E 2 (Continued)
Male Female
Periodontal disease Periodontal disease

Variables Adjusted OR 95% CI Adjusted OR 95% CI
Stress level

High 0.65 (0.51–0.83) 0.75 (0.61–0.92)
Middle 0.84 (0.69–1.01) 0.88 (0.74–1.05)
Low 1.00 1.00

Self-reported oral health status
High 0.51 (0.41–0.63) 0.58 (0.47–0.71)
Middle 0.60 (0.51–0.70) 0.67 (0.57–0.78)
Low 1.00 1.00

Dental caries
Yes 1.26 (1.07–1.48) 1.38 (1.18–1.61)
No 1.00 1.00

Toothache within the past year
Yes 1.37 (1.19–1.58) 1.15 (1.01–1.32)
No 1.00 1.00

Experienced dental damage
Yes 1.14 (0.95–1.36) 1.02 (0.81–1.27)
No 1.00 1.00

Year
2013 0.95 (0.75–1.19) 0.76 (0.60–0.96)
2014 1.05 (0.83–1.33) 0.84 (0.67–1.05)
2015 1.00 1.00

preferred option for people who attempts quitting; however,
electronic cigarette also delivers nicotine. Thus, vaping elec-
tronic cigarette could be another way to create new nicotine
addicts.9 These results show that both electronic cigarette vap-
ing and conventional cigarette smoking are risk factors of
periodontal diseases.

In both men and women, higher age increased the likeli-
hood of periodontal disease, a result supported by previous
research that has shown correlations with age.33 It is notable
that in the current study, incidence of periodontal disease
increased with age, but lost statistical significance at age 50.
This counterintuitive result is likely due to the loss of teeth
that occurs with aging. In other words, individuals with fewer
teeth are less likely to exhibit periodontal disease.18

For the dental related variables, individuals who reported
vaping electronic cigarette or smoking conventional cigarettes
demonstrated a higher risk for periodontal disease than non-
users. Interestingly, there was little difference in dental caries,
toothache, and dental damage between these two groups. This
shows that vaping or smoking each cigarettes affects peri-
odontal disease independently of other dental issues.

In the analysis of regional variables, both electronic
cigarette vapers and conventional cigarettes smokers demon-
strated higher chances of having periodontal disease than

non-users. However, this effect was more pronounced in
rural areas. This could be due to differences in healthcare
accessibility associated with regional characteristics. A prior
study reported that rural residents have fewer chances to
visit healthcare services and see fewer medical specialists
(i.e., more generalists) for their care than urban residents.34
This means that citizens living in rural areas have less of
a chance to see a specialist, resulting in worsening of oral
health.

It should be noted that the current study has several lim-
itations. First, the results of this study are based on self-
reporting. Thus, some survey questions might be subject
to recall bias, especially for health-related characteristics.
Responses could also have been affected by social desirabil-
ity bias. Therefore, caution should be taken when interpreting
the results. Second, due to this study’s cross-sectional design,
cause, effect, and directionality of the relationships observed
cannot be determined. Third, only the CPI was used to assess
periodontal disease. Assessments might have been inaccurate
because the CPI can overestimate the severity of disease35 and
underestimate it in patients with previous periodontal care.23
Nevertheless, the WHO promotes use of the CPI,22 since it
is useful when dealing with large numbers of participants.36
Fourth, the duration of smoking and vaping habits and daily
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T A B L E 3 Subgroup analysis of associations between cigarette usage and periodontal disease stratified by covariates
Non-use Electronic cigarette Conventional cigarette Ex-use
Adjusted OR Adjusted OR 95% CI Adjusted OR 95% CI Adjusted OR 95% CI

Male
Self-reported oral health status

High 1.00 3.84 (1.15–12.75) 1.47 (0.80–2.73) 0.83 (0.48–1.44)
Middle 1.00 1.95 (0.88–4.35) 2.04 (1.42–2.92) 1.22 (0.87–1.70)
Low 1.00 2.49 (1.40–4.42) 2.56 (1.94–3.39) 1.52 (1.14–2.03)

Educational level
Middle school or less 1.00 2.21 (0.76–6.40) 2.20 (1.41–3.45) 1.14 (0.78–1.66)
High school 1.00 2.05 (0.98–4.27) 2.06 (1.41–2.99) 1.35 (0.94–1.94)
College and beyond 1.00 2.51 (1.35–4.66) 2.39 (1.72–3.31) 1.33 (0.98–1.82)

Region
Urban 1.00 2.16 (1.04–4.51) 1.96 (1.44–2.68) 1.22 (0.89–1.67)
Rural 1.00 2.64 (1.54–4.51) 2.31 (1.74–3.08) 1.30 (1.01–1.66)

Dental caries
Yes 1.00 1.99 (0.93–4.26) 2.43 (1.68–3.52) 1.28 (0.89–1.83)
No 1.00 2.58 (1.53–4.36) 2.00 (1.54–2.59) 1.24 (0.97–1.58)

Toothache within a year
Yes 1.00 1.99 (0.96–4.15) 1.95 (1.42–2.69) 1.22 (0.88–1.69)
No 1.00 2.68 (1.57–4.58) 2.38 (1.79–3.18) 1.33 (1.02–1.74)

Experience dental damages
Yes 1.00 3.12 (1.31–7.41) 2.93 (1.68–5.10) 1.04 (0.61–1.75)
No 1.00 3.15 (0.45–22.01) 2.48 (1.05–5.88) 1.76 (0.81–3.82)

Female
Self-reported oral health status

High 1.00 4.14 (2.43–7.07) 2.41 (0.91–6.41) 0.78 (0.28–2.19)
Middle 1.00 6.34 (1.91–21.04) 1.69 (1.00–2.84) 0.64 (0.37–1.11)
Low 1.00 0.92 (0.25–3.45) 1.59 (1.11–2.29) 1.26 (0.86–1.86)

Educational level
Middle school or less 1.00 4.25 (0.54–33.29) 1.82 (1.17–2.83) 1.15 (0.73–1.82)
High school 1.00 0.96 (0.18–4.98) 1.91 (1.22–3.01) 1.06 (0.59–1.89)
College and beyond 1.00 2.39 (0.57–10.12) 1.17 (0.61–2.26) 0.83 (0.48–1.45)

Region
Urban 1.00 3.43 (0.83–14.25) 2.90 (1.92–4.38) 1.20 (0.78–1.83)
Rural 1.00 1.60 (0.54–4.68) 1.15 (0.80–1.65) 0.87 (0.57–1.31)

Dental caries
Yes 1.00 0.87 (0.19–3.93) 1.47 (0.97–2.25) 0.86 (0.49–1.49)
No 1.00 4.14 (1.20–14.20) 1.91 (1.34–2.74) 1.06 (0.74–1.53)

Toothache within a year
Yes 1.00 1.13 (0.30–4.32) 1.82 (1.21–2.74) 1.17 (0.76–1.81)
No 1.00 3.52 (1.16–10.68) 1.67 (1.15–2.42) 0.86 (0.57–1.29)

Experience dental damages
Yes 1.00 2.16 (1.32–3.55) 2.04 (1.63–2.56) 1.33 (1.08–1.66)
No 1.00 2.22 (0.75–6.59) 1.66 (1.25–2.20) 0.93 (0.67–1.29)
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frequency of smoking and vaping were not considered in our
study. Fifth, electronic cigarettes are still a relatively new
technology. As such, few respondents reported using them.
Despite their low numbers, weight variables developed by
the KNHANES improved the representativeness of the sam-
ple. Moreover, electronic cigarette vaping demonstrated sig-
nificant associations with disease, an effect that would likely
remain significant if numbers were increased.

Despite these limitations, our study also has strengths.
The KNHANES is conducted by a national institution and
is based on random cluster sampling. This makes the data
more statistically reliable and representative when compared
to surveys performed by private institutions. Furthermore,
the KNHANES combines a health interview with a physical
examination and nutrition survey, allowing it to be used as a
base for creating health-related policies or programs.37 There-
fore, results from the current study can be used as a baseline
for motivating users to stop using cigarettes and aid in the cre-
ation of anti-smoking policies.

As smoking increases the possibility of periodontal disease
and affects the treatment of other oral diseases,28,29 smoking
cessation is of the utmost importance. Prior research shows
that smokers who quit demonstrate a normalization of oral
health toward non-smoker levels after quitting.38,39 Smoking
is currently the principal public health issue globally,40 as it
causes direct damage to the respiratory system.41 In addition,
smoking is an important direct cause of dental disease38 and
an important environmental factor in the development of other
oral diseases.39,42 In addition, smoking is an important fac-
tor in tooth loss, and an overall obstacle to dental health.29,43
Electronic cigarette use is associated with increased rates
of smoking conventional cigarettes. Therefore, preventing
all forms of tobacco use, including electronic cigarettes, is
important.44

The current study identified a significant relationship
between periodontal disease and electronic/conventional
cigarette use. Our findings suggest that people who vaping
or smoking cigarettes demonstrated a higher probability
of periodontal disease when compared to both non-users
and ex-users. As smoking is detrimental to health, many
countries have developed smoking policies that ban or restrict
smoking. This can provide protection for non-smokers from
the harmful health effects of exposure to secondhand smoke
and provide a supportive environment for smokers who want
to quit smoking.45 Many anti-smoking laws are also being
implemented in South Korea. Nevertheless, a 2016 national
survey showed that about 40% of men still smoked.6 Even
worse, there is a lack of studies about health risks of electronic
cigarettes, and most existing laws only cover conventional
cigarettes.8,46 Understanding the country-specific factors
that affect smoking behavior and selecting appropriate
anti-smoking measures could greatly reduce smoking.47
Policymakers should carefully make regulations including

electronic cigarettes. Taken together, the results of the current
study could motivate both electronic cigarette vapers and
conventional cigarette smokers to quit by highlighting the
association of conventional cigarette smoking and electronic
cigarette vaping with periodontal disease. Furthermore, these
results can be used to help create new anti-smoking policies.
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