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Periodontitis and diabetes mellitus (DM) are chronic diseases that require continuous management and are well known for their
mutual relationship. The present study used the most recent Korea National Health and Nutrition Examination Surveys (KNHANES
V and VI) to determine the relationship between active periodontitis and DM in a Korean population. Multivariate logistic regression
analysis was performed with confounding variables to estimate odds ratios with 95% confidence intervals. We enrolled a total of 14,662
participants, and among them, 4,819 participants were diagnosed with active periodontitis and 2,095 were diagnosed with DM. The
risk for active periodontitis was 1.20 times higher in the presence of DM adjusted for demographic, socioeconomic and health-related
factors, and comorbid disease and was statistically significant (p <0.001). This research has provided evidence of a relationship between
active periodontitis and DM in a Korean population.
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INTRODUCTION

caused by insulin resistance. Second most common form of
DM is type 1 DM (T1DM) which accounts for 5%–10% of all

disease characterized by hyperglycemia due to insulin se-

DM and caused by b-cell destruction in pancreas [3]. Due
to this difference in pathogenic mechanism, T1DM and

cretion or resistance and, can cause complication in many

T2DM show different age of onset.

Diabetes mellitus (DM) is common chronic metabolic

organs such as eyes and kidney [1]. Recently, prevalence

Periodontitis is chronic inflammatory disease, related to

of DM is rising as 366 million people are presumed to have

gingiva and destruction of alveolar bone with up to 90% of

DM globally in 2013 and this number is predicted to rise

prevalence globally [4]. According to 1999 American asso-

up to 590 million by 2035 [2]. Most common form of DM

ciation of periodontology classification, there are 2 types of

is type 2 DM (T2DM) which accounts for 90%–95% and

periodontitis which are chronic periodontitis and aggres-
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sive periodontitis. Chronic periodontitis progress slowly

with government legislation for public welfare under the

with plaque and calculus. In contrast, aggressive periodon-

Bioethics Act (Act no. 2-1). All enrolled participants pro-

titis shows rapid destruction of alveolar bone in relatively

vided written informed consent in accordance with the IRB

young patients [5].

guidelines. In addition, this study was written according to

Periodontitis has long been regarded as the sixth com-

the Strengthening the Reporting of Observational Studies in

plication of DM, and diabetes is considered as a major risk

Epidemiology (STROBE) guideline for reporting retrospec-

factor for chronic periodontitis [6-8]. DM itself does not

tive and cohort studies (www.strobe-statement.org).

cause periodontitis, but promotes and accelerates periodontal damage, and blood glucose levels are considered to

Outcome variables

be important determinants in this relationship [9,10]. Recent studies have shown that there is a bi-directional rela-

DM in adults aged ≥20 years was defined as follows: (1)

tionship between the two conditions, which has a negative

fasting plasma glucose level of ≥126 mg/dL or self-report-

effect on each other [11].

ed diagnosed DM by a medical doctor, or (3) self-reported

Periodontitis and DM are chronic diseases which need

receiving DM treatment with the current use of insulin

continuous management. Current study investigates rela-

and/or hypoglycemic agents. Based on these three different

tionship between active periodontitis and DM in Korean

measures for DM, all participants were classified as diabetic

population, based on most recent Korea National Health

and non-diabetic condition.

and Nutrition Examination Surveys (KNHANES V and VI),

The World Health Organization community periodontal

which were collected by the Korea Center for Disease

index (CPI) was used to classify participants as periodon-

Control and Prevention (KCDC) and released in 2017.

tally compromised or periodontally healthy condition. Periodontitis was defined as a CPI value of ＞3, indicating that

MATERIALS AND METHODS

≥1 site had a probing pocket ≥3.5 mm in the index teeth

Study design and data collection

eight molars). All participants in the oral examination and

(including upper right and lower left central incisors, and
interview were assessed using the CPI periodontal probe

This study is based on nationally representative popu-

and mouth mirror. Active periodontitis was assessed on the

lation-based survey data acquired from KNHANES V and

basis of CPI and limited to participants where the general

VI, which was implemented periodically at the Ministry of

public health dentists determined that periodontal treat-

Health and Welfare and KCDC from 2000 to 2015 [12]. It

ment was indispensable.

included four different components: a health interview, a
health behavior interview, a nutrition survey, and a health

Covariate variables

and oral examination. Investigators conducted face-to-face
interview with each participant and all collected data were

The following potential confounding sociodemo-

anonymized to protect the identity of individuals before

graphic factors, life-style related factors, and comorbid

analysis.

disease were collected and assessed from the KNHANES
2010–2015 database: (1) age (three groups: those aged

Ethics statement

20–39 years [young], 40–59 years [middle-aged] and ≥60
[old age], (2) sex (two groups), (3) household income (four

This study was approved by the Institutional Review

quartiles), (4) residence area (two groups: urban [≥40,000

Board (IRB) of the KCDC (IRB no. 2010-02CON-21-C,

residents] and rural [＜40,000 residents]), (5) marital sta-

2011-02CON-06-C, 2012-01EXP-01-2C, 2013-07CON-

tus, (6) education level (four groups: ≤elementary school,

03-4C, and 2013-12EXP-03-5C). KNHANES VI (2015) was

middle school, high school, and ≥college), (7) smoking

conducted without consideration by the IRB in accordance

status (two groups: non-smoker including former smoker
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and current smoker), (8) alcohol intake (four groups: none,

mographic, socioeconomic and health-related factors, and

1–4 times/month, 2–3 times/week, and ≥4 times/week), (9)

comorbid disease were sequentially entered in the model.

body mass index (BMI; three groups: underweight [＜18.5

The odds ratio (OR) and 95% confidence interval were cal-

2

2

2

kg/m ], normal [18.5–25 kg/m ], and obese [≥25 kg/m ]),

culated, and p -values ＜0.05 were considered statistically

and (10) comorbid disease (including hyperlipidemia,

significant. Statistical analyses were performed using the

stroke, angina pectoris [AP] and myocardial infarction [MI],

Statistical Analysis System (SAS) Enterprise Miner ver. 9.4

and rheumatoid arthritis, which were self-reported diag-

(SAS Institute, Cary, NC, USA).

nosed DM by a medical doctor).

RESULTS

Statistical analysis

Baseline characteristics
Descriptive statistics were reported for demographic,
socioeconomic (household income, residence area, marital

According to the STROBE recommendations for obser-

status, and education level) and health-related (smoking

vational studies, the baseline characteristics of the study

status, alcohol intake, and BMI) factors, and comorbid dis-

participants are presented in Fig. 1 and Table 1. Among the

ease (hyperlipidemia, stroke, AP and MI, and rheumatoid

73,353 Korean adults who were originally included, 14,662

arthritis) as mean±standard deviation or by frequency

(20.0%) participants were finally recruited, comprising

percentages (%). KNHANES was conducted with com-

8,432 males (57.5%) and 6,230 females (42.5%). As a result

plex sampling analysis by weighting individual factors for

of examining the periodontal status of the participants,

minimized bias. To determine the association between DM

4,819 (32.9%) were diagnosed with active periodontitis and

and active periodontitis, especially, by age differences,

2,095 (14.3%) of the study participants had DM. Those aged

multivariate logistic regression analysis was performed

40–59 years (n=5,620) accounted for 38.3% of the surveyed

with confounding variables. From model 1 to model 3, de-

participants, while 3,745 (25.5%) were had household in-

All participants from KNHANES 2010 2015
(n=73,353)
Excluded:
No oral examination
(n=4,190)

Excluded:
Missing values for diabates mellitus
(n=34,496)

Excluded:
Missing values for periodontal disease
(n=16,968)

Excluded:
Under 20 years
(n=3,037)

Total recruited
(n=14,662)
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Fig. 1. Flow chart of the inclusion and
exclusion of participants. KNHANES,
Korea National Health and Nutrition
Examination Surveys.
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Table 1. General characteristics of the participants in the KNHANES
V and VI performed from 2010 to 2015 (n=14,662)
Characteristic
Active periodontitis
DM
Demographic variables

Socioeconomic variables

Health-related variables

Comorbid disease

Division

(48.9%) consumed alcohol once or fourth a month, and
9,173 (62.6%) had normal BMI. Among the participants,

n (%)

2,368 (16.2%) had hyperlipidemia, 406 (2.8%) had experi-

4,819 (32.9)
2,095 (14.3)

enced a stroke, 464 (3.2%) had AP or experienced MI, and

Sex
Male
8,432 (57.5)
Female
6,230 (42.5)
Age (y)
20–39
3,945 (26.9)
40–59
5,620 (38.3)
≥60
5,097 (34.8)
Household income
First quartile (low)
3,504 (23.9)
Second quartile
3,745 (25.5)
Third quartile
3,718 (25.4)
Fourth quartile (high)
3,695 (25.2)
Residence area*
Urban
11,865 (80.9)
Rural
2,797 (19.1)
Marital status
Married
12,609 (86.0)
Not married
2,053 (14.0)
Education level
≤Elementary school
3,504 (23.9)
Middle school
1,616 (11.0)
High school
4,916 (33.5)
≥College
4,626 (31.6)
Smoking status
11,978 (81.7)
Non-smoker†
Current smoker
2,684 (18.3)
Alcohol intake
None
4,445 (30.3)
1–4 times/month
7,169 (48.9)
2–3 times/week
2,095 (14.3)
≥4 times/week
953 (6.5)
Body mass index (kg/m2)
<18.5 (underweight)
579 (3.9)
18.5–25 (normal)
9,173 (62.6)
≥25 (obese)
4,910 (33.5)
Hyperlipidemia
2,368 (16.2)
Stroke
406 (2.8)
AP and MI
464 (3.2)
Rheumatoid arthritis
286 (2.0)

KNHANES, Korea National Health and Nutrition Examination
Surveys; DM, diabetes mellitus; AP, angina pectoris; MI, myocardial
infarction.
*Classified using a cutoff of 40,000 residents, †including former smokers.

286 (2.0%) had rheumatoid arthritis.

Prevalence of active periodontitis with diabetes
mellitus and without diabetes mellitus
Among active periodontitis patients with DM, 290 (28.8%)
had household incomes in the second quartile, 752 (74.8%)
lived in urban areas, 986 (98.0%) were married, 489 (48.6%)
were under elementary school educated, 792 (78.7%) were
non-smokers, 457 (45.4%) were non-alcohol consumers,
531 (52.8%) had normal BMI, 382 (38.0%) had hyperlipidemia, 91 (9.0%) had experienced a stroke, 97 (9.6%) had AP
or experienced MI, and 30 (3.0%) had rheumatoid arthritis
(Table 2).

Factors associated with active periodontitis patients
with and without diabetes mellitus
The risk for active periodontitis with DM was analyzed
by logistic regression analysis (Table 3). In model 1, the
effect of DM on active periodontitis was analyzed using
multivariate analysis after adjusting for sex and age, the risk
for active perioidontitis was 1.28 times higher in the presence of DM, which was statistically significant (p ＜0.001).
In model 2, which was adjusted for demographic, socioeconomic and health-related factors, the risk for active
periodontitis was 1.18 times higher in the presence of DM,
which was statistically significant (p ＜0.001). In model 3,
which was adjusted for demographic, socioeconomic and
health-related factors, and comorbid disease, the risk for
active periodontitis was 1.20 times higher in the presence
of DM, which was also statistically significant (p ＜0.001).

DISCUSSION
Chronic periodontitis and DM have close relationship,

comes in the second quartile, 11,865 (80.9%) lived in urban

especially in DM patient with uncontrolled hyperglycemia

areas, 12,609 (86.0%) were married, 4,916 (33.5%) attended

[13]. In uncontrolled DM patient, periodontitis is more

high school, 11,978 (81.7%) were non-smokers, 7,169

severe in its prevalence and severity [14]. Likewise, peri-
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Table 2. Distribution of active periodontitis patients with and without DM
Characteristic
Total population
Sex
Male
Female
Age (y)
20–39
40–59
≥60
Household income
First quartile (low)
Second quartile
Third quartile
Fourth quartile (high)
Residence area*
Urban
Rural
Marital status
Married
Not married
Education level
≤Elementary school
Middle school
High school
≥College
Smoking status
Non-smoker†
Current smoker
Alcohol intake
None
1–4 times/month
2–3 times/week
≥4 times/week
Body mass index (kg/m2)
<18.5 (underweight)
18.5–25 (normal)
≥25 (obese)
Comorbid disease
Hyperlipidemia
Stroke
AP and MI
Rheumatoid arthritis

Active perioidontitis

Non-active periodontitis and healthy

With DM (n, %)

Without DM (n, %)

With DM (n, %)

Without DM (n, %)

1,006

3,813

1,089

8,754

473 (47.0)
533 (53.0)

1,859 (48.8)
1,954 (51.2)

601 (55.2)
488 (44.8)

5,499 (62.8)
3,255 (37.2)

11 (1.1)
270 (26.8)
725 (72.1)

407 (10.7)
1,767 (46.3)
1,639 (43.0)

45 (4.1)
276 (25.3)
768 (70.5)

3,482 (39.8)
3,307 (37.8)
1,965 (22.4)

284 (28.2)
290 (28.8)
205 (20.4)
227 (22.6)

973 (25.5)
1,017 (26.7)
942 (24.7)
881 (23.1)

300 (27.5)
259 (23.8)
256 (23.5)
274 (25.2)

1,947 (22.2)
2,179 (24.9)
2,315 (26.4)
2,313 (26.4)

752 (74.8)
254 (25.2)

2,860 (75.0)
953 (25.0)

879 (80.7)
210 (19.3)

7,374 (84.2)
1,380 (15.8)

986 (98.0)
20 (2.0)

3,630 (95.2)
183 (4.8)

1,053 (96.7)
36 (3.3)

6,940 (79.3)
1,814 (20.7)

489 (48.6)
159 (15.8)
237 (23.6)
121 (12.0)

1,159 (30.4)
547 (14.3)
1,233 (32.3)
874 (22.9)

479 (44.0)
175 (16.1)
269 (24.7)
166 (15.2)

1,377 (15.7)
735 (8.4)
3,177 (36.3)
3,465 (39.6)

792 (78.7)
214 (21.3)

2,877 (75.5)
936 (24.5)

933 (85.7)
156 (14.3)

7,376 (84.3)
1,378 (15.7)

457 (45.4)
344 (34.2)
124 (12.3)
81 (8.1)

1,182 (31.0)
1,649 (43.2)
626 (16.4)
356 (9.3)

486 (44.6)
409 (37.6)
116 (10.7)
78 (7.2)

2,320 (26.5)
4,767 (54.5)
1,229 (14.0)
438 (5.0)

18 (1.8)
531 (52.8)
457 (45.4)

95 (2.5)
2,240 (58.7)
1,478 (38.8)

14 (1.3)
601 (55.2)
474 (43.5)

452 (5.2)
5,801 (66.3)
2,501 (28.6)

382 (38.0)
91 (9.0)
97 (9.6)
30 (3.0)

573 (15.0)
103 (2.7)
127 (3.3)
63 (1.7)

441 (40.5)
81 (7.4)
98 (9.0)
37 (3.4)

972 (11.1)
131 (1.5)
142 (1.6)
156 (1.8)

DM, diabetes mellitus; AP, angina pectoris; MI, myocardial infarction.
*Classified using a cutoff of 40,000 residents, †including former smokers.

odontitis also affects DM as periodontitis itself can worsen

advanced glycation end products pathway and oxidative

glycemic control of DM patient [15]. Mechanism of this

stress mechanism are reported to be related in recent re-

interrelations between periodontitis and DM is still not fully

search [16].

understood, but the receptor activator of nuclear factor-κB

DM is a very frequent metabolic disorder characterized

(RANK)/RANK ligand/osteoprotegerin axis, receptor for

by the presence of chronic hyperglycemia because of low
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Table 3. Multivariate logistic regression analysis of risk for active periodontitis with DM
DM (ref: no)
Active periodontitis
Yes
Sex
Female
Age
40–59
≥60
Household income
Second quartile
Third quartile
Fourth quartile
Residence area
Urban
Marital status
Married
Education level
Middle school
High school
≥College
Smoking status
Current smoker
Alcohol intake
1–4 times/month
2–3 times/week
≥4 times/week
Body mass index (kg/m2)
<18.5 (underweight)
≥25 (obese)
Comorbid disease
Hyperlipidemia
Stroke
AP and MI
Rheumatoid arthritis

Model 1

Model 2

Model 3

OR (95% CI)

p -value

OR (95% CI)

p -value

OR (95% CI)

p -value

1.28 (1.15–1.41)

<0.001

1.18 (1.06–1.31)

<0.001

1.20 (1.08–1.33)

<0.001

0.75 (0.68–0.83)

<0.001

0.62 (0.55–0.70)

<0.001

0.56 (0.49–0.63)

<0.001

6.99 (5.28–9.25)
26.38 (20.07–34.66)

<0.001
<0.001

5.81 (4.25–7.95)
17.79 (12.88–24.58)

<0.001
<0.001

4.81 (3.51–6.57)
12.33 (8.91–17.06)

<0.001
<0.001

0.87 (0.76–1.00)
0.74 (0.64–0.85)
0.89 (0.77–1.03)

0.060
<0.001
0.141

0.90 (0.78–1.04)
0.72 (0.62–0.85)
0.87 (0.74–1.01)

0.161
<0.001
0.068

0.98 (0.70–1.38)

<0.001

1.12 (0.99–1.27)

0.064

1.03 (0.75–1.42)

0.845

1.10 (0.79–1.52)

0.549

0.94 (0.81–1.10)
0.71 (0.62–0.82)
0.56 (0.47–0.67)

0.462
<0.001
<0.001

0.88 (0.75–1.03)
0.70 (0.60–0.81)
0.56 (0.47–1.52)

0.119
<0.001
<0.001

1.24 (1.07–1.44)

0.003

1.25 (1.08–1.45)

0.002

1.03 (0.82–1.30)
1.14 (0.93–1.40)
1.61 (1.31–1.99)

0.758
0.181
<0.001

1.00 (0.79–1.27)
1.10 (0.89–1.35)
1.55 (1.26–1.92)

0.960
0.362
<0.001

0.52 (0.35–0.76)
1.49 (1.35–1.65)

<0.001
<0.001

0.58 (0.39–0.86)
1.39 (1.25–1.54)

0.007
<0.001

2.73 (2.44–3.06)
1.78 (1.43–2.21)
1.71 (1.39–2.10)
1.15 (0.85–1.56)

<0.001
<0.001
<0.001
0.361

Model 1: adjusted for demographic variables. Model 2: adjusted for demographic, socioeconomic (household income, residence area, marital status, and education level) and health-related (smoking status, alcohol intake, and body mass index) variables. Model 3: adjusted for demographic,
socioeconomic (household income, residence area, marital status, and education level) and health-related (smoking status, alcohol intake, and
body mass index) variables, and comorbid disease (hyperlipidemia, stroke, AP and MI, and rheumatoid arthritis).
DM, diabetes mellitus; OR, odds ratio; CI, confidence interval; AP, angina pectoris; MI, myocardial infarction.

levels of both insulin secretion and its action [14]. T1DM is

glucose level above 200 mg/dL (11.1 mmol/L) with clas-

a type of juvenile diabetes that accounts for more than 85%

sic symptoms of hyperglycemia or hyperglycemic crisis,

of all diabetes patients under 20 years of age, accounting

patient can be diagnosed as DM and DM can be classified

for 5%–10% of the world’s DM population. T2DM accounts

as T1DM, T2DM, gestational diabetes, DM caused by other

for 90% of diabetes cases worldwide [17]. If patient shows

diseases, drugs or factors [1,3].

HbA1C level above 6.5%, fasting plasma glucose level

Cross-sectional and longitudinal studies have shown that

above 125 mg/dL (7.0 mmol/L), 2-hour plasma glucose

the risk of periodontitis in DM patients is about 3–4 times

level above 200 mg/dL (11.1 mmol/L), or random plasma

higher than in non-DM patients [18]. Periodontitis was
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found in 57.9% of T1DM patients and 15.0% in non-DM
patients [19]. In another study of periodontal status in chil-
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metabolic control showed [17]. T2DM patients were also
significantly more likely to have clinical attachment loss of
＞3 mm as well as 5 mm [17].
DM affects bone metabolism and decreases bone mineral
density [17]. DM also significantly affects osteoblasts and
reduces the number of osteogenic cells [17]. On the other
hand, the production of osteoclasts increases. In patients
with T1DM or T2DM, poor glycemic control results in increased bone resorption and increased bone loss [17]. DM
patients had significantly higher gum bleeding depending
on the level of glycemic control than well-controlled DM
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or non-DM patients [14]. In adults with T2DM, gingival
inflammation was more frequent than in non-DM patients
and the highest level of inflammation was seen in patients
with poor glycemic control [23].
In a multivariate logistics regression analysis, patients
with DM showed OR of 1.28, 1.18, and 1.20 respectively
after adjusted with each model in this multivariate logistics
analysis (Model 1, 2, and 3 described in Table 3). We found
that odd ratio of active periodontitis was significantly higher in DM patients even after adjusting the other contributing factors of periodontitis.
We have used the most recent KNHANES database to
find a relation between active periodontitis and DM after adjusting several factors. Active periodontitis and DM
showed constant relation in all model of multivariate logistics regression analysis. DM also showed statistically
significant relation between sex, age, house hold income,
education level, alcohol intake, obesity and comorbid diseases in model 3. These results can be helpful for making
health care policy for DM patients and active periodontitis
patients since they are closely related.
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