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Background: This study aimed to evaluate an association between smoking, smoking cessation, and periodontal
disease in Korean adults.

Methods: The data were collected from 8,336 participants, aged between 20 and 64 years, who participated in the
fifth Korea National Health and Nutrition Examination (2010 and 2012). Smoking status was assessed using self-ad-
ministered questionnaires. Periodontal disease was defined as a community periodontal index >3 points. Logistic
regression analysis was used to evaluate an association between smoking, smoking cessation, and periodontal dis-
ease after adjusting for age, sex, education, monthly income, diabetes, obesity, alcohol intake, and frequency of
tooth brushing.

Results: The risk of periodontal disease was higher among current smokers (odds ratio [OR], 1.49; 95% confidence
interval [CI], 1.21-1.83) than never smokers. Among current smokers, the risk of periodontal disease was increased
in smokers of >10 cigarettes/d, >20 years duration, and >10 pack-years compared with never smokers (P<0.05).
Among former smokers, the risk of periodontal disease after 10 years since cessation declined to 0.56 (95% CI, 0.42-
0.75) compared with current smokers and was indistinguishable statistically from never smokers.

Conclusion: Periodontal disease is significantly associated with smoking status in Korean adults.
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INTRODUCTION

Periodontal disease leads to a breakdown of the connective tissue and
bone that anchor the teeth” and can eventually lead to the loss of
teeth.? It is estimated that 1 in 2 men and 1 in 3 women over the age of
50 years in Korea have periodontal disease.”

Periodontal disease has been associated with systemic disease and
increases the risk of diabetes, preterm low birth weight delivery, car-
diovascular disease, osteoporosis, and pneumonia. It has recently
been reported that periodontal disease is also correlated with rheuma-
toid arthritis.*® Periodontal inflammation was also reported to have a
negative effect on glycemic control in diabetic patients®® and is a risk
factor not only for nosocomial pneumonia” but also for community-
acquired pneumonia.” Periodontal tissues may serve as a reservoir of
bacteria, bacterial products, and inflammatory and immune media-
tors, which can interact through blood vessels with other organ sys-
tems remote from the oral cavity.”

Known risk factors for periodontal disease include male sex, older
age, low income-level, low education level, diabetes, obesity, smoking,
alcohol drinking, stress, and low serum 25-hydroxyvitamin D3 con-
centrations.'*'?

Korean studies have studied only smoking as a potential confounder
of periodontal disease or simply analyzed the association between
periodontal disease and smoking status (current smokers, former
smokers, and never smokers).’>¥ However, there has been a lack of
studies on the dose-response relationship between smoking and peri-
odontal disease or the effects of smoking cessation.

The present study aimed to investigate the association and dose-re-
sponse relationship between smoking and periodontal disease, as well
as the association between smoking cessation and periodontal dis-

ease, in Korean adults.

METHODS

1. Study Population

The subjects of the present study were selected from among 9,204
adults aged 20-64 years old who participated in the first and the third
year (2010 and 2012) of the fifth Korea National Health and Nutrition
Examination Survey (KNHANES).'¥ Of these, 868 were excluded ow-
ing to missing data regarding periodontal disease, age, sex, household
income quartile, education level, diabetes status, obesity status, life-
time and current alcohol drinking status, lifetime and current smoking
status, and frequency of tooth brushing. The remaining 8,336 individu-
als were enrolled in the study. Analysis of long-term smoking for cur-
rent smokers was conducted for 1,877 adults, excluding 5 who had
missing data for the age of smoking initiation. Cumulative smoking ex-
posure of current smokers was analyzed for 1,875 adults, excluding 7
who had missing data for the age of smoking initiation, average daily
smoking amount for current smokers, and number of smoking days in
the prior month for intermittent smokers. Analysis of smoking cessa-

tion for former smokers was performed for 1,254 adults, excluding 9
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who had missing data for the age of smoking initiation and smoking
duration among former smokers. The second year (2011) of the fifth
KNHANES was excluded because the raw data of periodontal exami-

nations were not disclosed.

2. Study Variables

A household health survey of age, sex, number of household mem-
bers, and household income was conducted by face-to-face inter-
views, in which one member answered on behalf of the entire house-
hold. Surveys on education and comorbidities such as diabetes were
conducted by a direct interview with the individual. A self-adminis-
tered survey was used for the health behavior questionnaire that in-
cluded questions on smoking and alcohol drinking; this method was
intended to exclude the possibility of under- or overestimation due to
the potentially sensitive nature of the questions.'® The education level
was assessed by the highest diploma. Income level was classified by
quartiles based on monthly average family equivalent income (total
household income divided by the square root of the number of house-
hold members). For the survey of diabetes status, subjects were asked
whether they had ever been diagnosed with diabetes. Obesity status
was classified by body mass index (BMI) into underweight (BMI <18.5
kg/m?), normal weight (BMI 18.5-24.9 kg/m?), or obese (BMI >25 kg/
m?)."¥ Alcohol drinking was classified by whether or not alcohol was
consumed at least once a month during the prior year. The frequency
of tooth brushing on the day before the survey was categorized as 0-1,
2, or >3 times.

Subjects who reported smoking at least 100 cigarettes in their life-
time and who smoked either every day or on some days at the time of
the survey were defined as current smokers. Those who reported
smoking at least 100 cigarettes in their lifetime and who did not smoke
at all at the time of the survey were defined as former smokers. Those
who had never smoked or had smoked less than 100 cigarettes in their
lifetime were defined as never smokers.'” Average daily cigarette con-
sumption of current smokers was determined according to the an-
swers to the following question “How many cigarettes did you smoke
on average per day?” For intermittent smokers, the average daily ciga-
rette consumption was calculated by multiplying the number of smok-
ing days in a recent month by average cigarette consumption on
smoking days, and then dividing by 30. Based on average daily ciga-
rette consumption, smokers were classified as light (<10 cigarettes/d),
moderate (>10 to <20 cigarettes/d), or heavy (=20 cigarettes/d) smok-
ers.!*1%

Long-term smoking was defined with a cutoff of 20 years.* The cu-
mulative smoking exposure was determined in terms of pack-years by
multiplying the number of years smoked by the number of packs
smoked per day and were classified into groups of <10, >10 to <20, and
>20 pack-years. Smoking cessation duration of former smokers was
defined by subtracting the age at smoking initiation and past smoking
duration from the age of the respondent. This study was approved by
the institutional review board of Samsung Medical Center (IRB file no.
SMC 2015-02-006).
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3. Definition of Periodontal Disease
Maxillary and mandibular arches of the oral cavity were classified into
3 sextants each, making a total of 6 sextants (maxillary right posterior,
maxillary anterior, maxillary left posterior, mandibular right posterior,
mandibular anterior, and mandibular left posterior). Periodontal tis-
sues of 10 index teeth were evaluated for bleeding status, the presence
of dental plaque, and the presence of periodontal pockets with mea-
surement of pocket depths, using a dental mirror and community
periodontal index (CPI) probe. CPI scores were assigned as follows: 0
points for healthy periodontal tissue, 1 point for bleeding on probing
only, 2 points when dental calculus was detected with probing, 3
points when a periodontal probing pocket depth of 4-5 mm had
formed, and 4 points when a periodontal probing pocket depth of 26
mm had formed."” The CPI reflects the health status of periodontal tis-
sue, with a lower value indicating better periodontal status, and has
been used for analysis of the dose-response relationship between
smoking and periodontal disease in previous studies.”"* After assign-
ing scores, the highest CPI score for the 6 sextants was selected. The
highest CPI score of 3 or 4 points was defined as presence of periodon-
tal disease, and the score of 0-2 points was defined as absence of peri-
odontal disease.'®

To ensure reliability of the periodontal health survey, oral health ex-
amination research specialists (public health dentists) were trained
twice per year, and agreement between the examiners and the gold
standard of the Korean Academy of Dental Health was confirmed dur-

ing training.'”

4. Statistical Analysis

The KNHANES data were subjected to a complex sampling design and
were analyzed by applying stratum variance estimates, stratification
variables, and sampling weights. Complex-samples y* tests were per-
formed to determine the relationship between characteristics mea-
sured as categorical variables (sex, household income, education level,
diabetes status, obesity status, alcohol drinking in the past year, cur-
rent smoking status, and tooth brushing on the day before the survey)
and periodontal disease.

The relationship between smoking status and periodontal disease,
the dose-response relationship between smoking and periodontal dis-
ease, and the association between smoking cessation and periodontal
disease were evaluated by using complex-samples multivariate logistic
regression analysis. Sex, age, household income, education level, dia-
betes status, obesity status, alcohol drinking in the past year, and fre-
quency of tooth brushing on the day before the survey were used as
covariates for the analysis. These variables showed a statistically sig-
nificant association with periodontal disease in a previous complex-
samples y* test and were also reported to have a significant association
with periodontal disease in previous studies.'"' All analyses were per-
formed with a statistical significance level set at P<0.05 with 2-tailed
tests using IBM SPSS ver. 22.0 (IBM Co., Armonk, NY, USA).
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RESULTS

The prevalence of periodontal disease was 22.7% (1,893 individuals);
26.2% (1,055) were men and 15.5% (838) were women. The prevalence
of periodontal disease was significantly higher for men, lower educa-
tion level, lower income level, diabetes, obesity, lower frequency of
tooth brushing, and alcohol consumption at least once per month in
the last year. Current or former smokers had higher periodontal dis-
ease prevalence than never smokers (Table 1).

The association between current smoking status and periodontal
disease was analyzed for all the subjects. The periodontal disease risk of
current smokers was 1.49 times higher than that of never smokers (95%
confidence interval [CI], 1.21-1.83); there was no statistically significant
difference between never smokers and former smokers (Table 2).

The association between the degree of smoking exposure (average

Table 1. Bivariate comparisons of the participant characteristics according to
periodontal disease (n=8,336)

Participant characteristics e pgrlodontal Perllodontal P-value*
disease disease

Sex <0.001
Male 2,459 (73.8) 1,055 (26.2)
Female 3,984 (84.5) 838 (15.5)

Highest diploma <0.001
Primary school 665 (61.1) 440 (38.9)
Middle school 528 (63.1) 323 (36.9)
High school 2,543 (80.9) 675 (19.1)
University or college 2,707 (86.0) 455 (14.0)

Household income* <0.001
<25% 548 (73.6) 238 (26.4)
25-50% 1,600 (76.8) 546 (23.2)
50-75% 2,041 (79.8) 571 (20.2)
>75% 2,254 (81.9) 538 (18.1)

Diabetes <0.001
No 6,210 (80.1) 1,693 (19.9)
Yes 233 (56.5) 200 (43.5)

Obesity* <0.001
Underweight 333 (89.4) 44 (10.6)
Normal 4,222 (80.6) 1,123 (19.4)
Obese 1,888 (74.3) 726 (25.7)

Frequency of tooth brushing <0.001

(times per day)
<1 452 (66.9) 270 (33.1)
2 2,660 (76.1) 926 (23.9)
>3 3,331 (84.1) 697 (15.9)

Alcohol use in past year 0.03
No 2,791 (80.4) 757 (19.6)
Yes 3,652 (78.1) 1,136 (21.9)

Present smoking status <0.001
Current smoker 1,302 (73.2) 580 (26.8)
Former smoker 872 (71.8) 391 (28.2)
Never smoker 4,269 (84.0) 922 (16.0)

Values are presented as number (%).

*Obtained by complex-samples % test. THousehold income is the monthly average
family equivalent income [monthly average household income/y/(the number of
household members)] categorized into quartiles. *Categorized as underweight (<18.5
kg/m?), normal (18.5 to 24.9 kg/m?), or obese (=25 kg/m?).

http://dx.doi.org/10.4082/kjfm.2016.37.2.117



120  www.kjfm.or.kr Anh-Young Jang, etal. ® Smoking and Periodontal Disease

Table 2. The risk of periodontal disease according to smoking status

Smoking status Mean of highest CPI (95% Cl) Crude OR (95% Cl) P-value Adjusted OR* (95% Cl) P-value
Never smoker (n=5,191) 1.45 (1.40-1.51) 1 1
Former smoker (n=1,263) 1.77 (1.68—1.86) 2.07 (1.73-2.48) <0.001 1.09 (0.86-1.39) 0.47
Current smoker (n=1,882) 1.85 (1.78-1.93) 1.93 (1.68-2.22) <0.001 1.49 (1.21-1.83) <0.001

Periodontal disease was defined by the highest CPI >3 in 6 sextants of teeth. The ORs and 95% Cls were estimated using complex-samples logistic regression analyses.

CPI, community periodontal index; Cl, confidence interval; OR, odds ratio.

*Multivariable-adjusted analysis was conducted with an adjustment for age, sex, household income, education level, diabetes mellitus, obesity, alcohol use in past year, and
frequency of tooth brushing.

Table 3. The association between smoking exposure categories for current smokers and periodontal disease compared with never smokers

Exposure category Mean of highest CPI (95% Cl) Crude OR (95% ClI) P-value Adjusted OR* (95% Cl) P-value

Mean daily consumption’

Never smoker (n=5,191) 1.45 (1.40-1.51) 1 1

Light smoker (n=408) 1.39 (1.25-1.53) 0.76 (0.56-1.03) <0.001 0.78 (0.55-1.11) 017

Moderate smoker (n=718) 1.73 (1.62-1.84) 1.37 (1.11-1.70) <0.001 1.32 (1.01-1.74) 0.045

Heavy smoker (n=756) 2.2 (2.11-2.30) 3.49 (2.90-4.19) <0.001 2.33 (1.79-3.05) <0.001
Smoking duration (y)

Never (n=5,191) 1.45 (1.40-1.51) 1 1

<20 (n=844) 1.53 (1.43-1.62) 0.73(0.56-0.95) 0.02 1.08 (0.79-1.48) 0.62

>20 (n=1,033) 2.19 (2.09-2.29) 3.82 (3.21-4.54) <0.001 1.87 (1.46-2.40) <0.001
Pack-years consumption

Never (n=5,191) 1.45 (1.40-1.51) 1 1

<10 (n=762) 1.46 (1.36—1.55) 0.62 (0.48-0.81) <0.001 0.86 (0.64-1.15) 0.31

>10 to <20 (n=480) 2.00 (1.87-2.12) 2.16 (1.68-2.76) <0.001 1.83 (1.33-2.51) <0.001

>20 (n=633) 2.29 (2.17-2.41) 4.81(3.91-5.92) <0.001 2.33(1.75-3.11) <0.001

Periodontal disease was defined by the highest CPI >3 in 6 sextants of teeth. ORs and 95% Cls were estimated using complex-samples logistic regression analyses.

CPI, community periodontal index; OR, odds ratio; Cl, confidence interval.

*Multivariable-adjusted analysis was conducted with an adjustment for age, sex, household income, education level, diabetes mellitus, obesity, alcohol use in past year, and
frequency of tooth brushing. "Daily consumption was categorized as light (<10 cigarettes/d), moderate (=10 to <20 cigarettes/d), or heavy (=20 cigarettes/d).

daily cigarette consumption, smoking duration, and cumulative smok-
ing exposure) and periodontal disease was analyzed in current smok-
ers compared with never smokers. There was no significant difference
in periodontal disease risk between light smokers and never smokers,
but moderate smokers had a 1.32 times higher risk of periodontal dis-
ease (95% CI, 1.01-1.74), and heavy smokers had a 2.33 times higher
risk of periodontal disease (95% CI, 1.79-3.05). There was also no sig-
nificant difference in periodontal disease risk between smokers of <20
years duration and never smokers, but long-term smokers of >20 years
had a 1.87 times higher risk of periodontal disease (95% CI, 1.46-2.40).
There was also no significant difference in periodontal disease risk be-
tween smokers of <10 pack-years and never smokers, whereas those
with >10 to <20 pack-years of cumulative smoking exposure had a 1.83
times higher risk of periodontal disease (95% CI, 1.33-2.51), and the
periodontal disease risk of those with >20 pack-years was increased
2.33-fold (95% CI, 1.75-3.11) (Table 3).

For the association between smoking cessation and periodontal dis-
ease, former smokers with a cessation duration of <10 years showed no
significant difference in periodontal disease risk compared with current
smokers; former smokers with a cessation duration of >10 years had a
0.56 times lower risk of periodontal disease than current smokers (95%
CI, 0.42-0.75). Former smokers with a cessation duration of <10 years

had a 1.36 times higher risk of periodontal disease than never smokers
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Table 4. The risk of periodontal disease for former smokers according to smoking
cessation duration

Variable Crude OR (95% Cl)  Adjusted OR* (95% Cl)
Current smoker (n=1,882) 1 1
Former smoker

Cessation <10 y (n=651) 0.98 (0.77-1.25) 0.85 (0.65-1.11)
Cessation >10 y (=603) 1.21 (0.95-1.53) 0.56' (0.42-0.75)
Never smoker (n=5,191) 1 1
Former smoker
Cessation <10 y (n=651) 1.90" (1.51-2.39) 1.36" (1.03-1.79)
Cessation >10 y (n=603) 2.337(1.85-2.94) 0.98 (0.72-1.32)

Periodontal disease was defined by the highest CPI >3 in 6 sextants of teeth. ORs
and 95% Cls were estimated using complex-samples logistic regression analyses.
OR, odds ratio; Cl, confidence interval; CPI, community periodontal index.
*Multivariable-adjusted analysis was conducted with an adjustment for age, sex,
household income, education level, diabetes mellitus, obesity, alcohol use in past
year, and frequency of tooth brushing. P-value <0.05.

(95% CI, 1.03-1.79), whereas former smokers with a cessation duration
of >10 years showed no statistically significant difference in periodontal

disease risk compared with never smokers (Table 4).

DISCUSSION

The present study identified an increased risk of periodontal disease
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for current smokers compared with never smokers. In current smok-
ers, the average daily cigarette consumption and cumulative exposure
measured by cigarette amounts and smoking duration showed an as-
sociation with periodontal disease. In addition, average daily cigarette
consumption and cumulative smoking exposure showed a partial
dose-response relationship with periodontal disease.

Former smokers, at >10 years after cessation, had a reduced peri-
odontal disease risk compared with current smokers and showed no
statistically significant difference compared with never smokers. This
is consistent with the US National Health and Nutrition Examination
Survey III (NHANES III), which also reported that former smokers
who had quit 211 years previously showed no statistically significant
difference in periodontitis risk compared with never smokers.”

Periodontal disease risk in former smokers was similar to that of
never smokers. This is consistent with the Japanese National Nutrition
Survey and the Survey of Dental Diseases, which also showed no sig-
nificant difference in periodontitis risk between former smokers and
never smokers in adults aged >40 years.” In contrast, periodontitis
risk was 1.68 times higher in former smokers than in never smokers in
the US NHANES 111>

In addition, light smokers (<10 cigarettes/d) had no increase in peri-
odontal disease risk compared with never smokers in the present
study. Kye and Han® evaluated 199 patients who visited a dentist in a
university hospital in Korea and showed no significant difference in
periodontal pocket depth between never smokers and light smokers
(<10 cigarettes per day). In contrast, in the US NHANES 111, smokers of
<9 cigarettes smoked per day had a 2.79 times higher periodontitis risk
compared with never smokers.* In a Japanese longitudinal study of
1,332 men aged 30-59 years with daily cigarette consumption catego-
rized as 1-19, 20, or 221 cigarettes per day, as daily cigarette consump-
tion increased, periodontal disease also increased compared with that
in never smokers; however, because they did not include a category of
<10 cigarettes per day, no comparison was made between never
smokers and light smokers.?” The reasons for the discrepancies in
study results are as follows: first, the US NHANES III included only sex,
age, race, education level, and income level as covariates,” and the

study of 30- to 59-year-old Japanese men*"

adjusted only for age and
alcohol drinking, without considering covariates such as diabetes and
obesity, which were included in the present study. Second, it is possi-
ble that the effect of smoking on periodontal tissue is dependent on
race. Heavy smokers (=20 cigarettes/d) in the present study had a 2.33
times higher periodontal disease risk than never smokers, whereas
smokers of 220 cigarettes per day had at least a 5 times higher peri-
odontitis risk than never smokers in the US NHANES IT1.%)

Using the Korean National Oral Health Survey data from 2003, Park
et al.? tried to evaluate the dose-response relationship. Adults aged
50-59 years old who smoked 210 cigarettes per day had a higher fre-
quency of sextants with periodontal pockets >3.5 mm in size than
those who smoked <10 cigarettes, and 40- to 49-year-old adults who
had been smoking for 15 years or longer had a higher frequency of

sextants with periodontal pockets >3.5 mm. However, a dose-response
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relationship between smoking and periodontal pocket formation was
not clearly demonstrated. In addition, Han et al.*” evaluated adults 18
years or older using the Korean National Oral Health Survey data from
2006 and reported an association only between cigarette consumption
per year and periodontitis. The study by Kye and Han* evaluating 199
patients who visited a dentist in a university hospital in Korea, which
may not be representative of the Korean population.

However, the present study evaluated not only the effect of current
smoking status on periodontal disease but also the dose-response re-
lationships for average daily cigarette consumption, smoking duration,
and cumulative smoking exposure using a nationwide survey, and the
finding of a partial dose-response relationship makes this study signifi-
cant.

The present study has several limitations. First, because it was a
cross-sectional study, we could not determine whether the exposure
to smoking preceded the onset of disease. In addition, we were unable
to distinguish between existing periodontal disease and new peri-
odontal disease caused by smoking. Second, the effects of comorbidi-
ty, except diabetes and obesity, or drugs that could affect periodontal
disease may not have been reflected. Third, because self-administered
survey data on smoking were used, the accuracy of measurement may
be low. However, considering that current smokers are likely to report
that they never smoked or were former smokers,® it is highly probable
that the association with periodontal disease was underestimated,
rather than overestimated.

In conclusion, current smoking is associated with a higher risk of
periodontal disease compared with nonsmoking, and the degree of
smoking exposure (average daily cigarette consumption, smoking du-
ration, and cumulative smoking exposure) showed partial dose-re-
sponse relationships with periodontal disease. In addition, continued
smoking cessation by former smokers is associated with a reduction of

the periodontal disease risk compared with current smokers.
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