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Abstract 

 

Association of Lifestyle-related Comorbidities with 

Periodontitis: A Nationwide Cohort Study in Korea 

 

Jae-Hong Lee, D.D.S., M.S.D. 

 

Department of Dentistry 

The Graduate School, Yonsei University 

 

(Directed by Professor Seong-Ho Choi, D.D.S., M.S.D., PhD.) 

 

Objectives: The aim of this study was to determine the association of periodontitis with 

lifestyle-related comorbidities (LCs) using data in the Korean National Health Insurance 

Cohort Database from 2002 to 2013. 

Materials and Methods: This was a retrospective study involving a large national cohort 

with patient samples (representing 2% of the total Korean population) stratified on the 

basis of sociodemographic information. Using this precisely extracted database, the 

correlations between LCs (cerebral infarction, angina pectoris, myocardial infarction, 

hypertension, diabetes mellitus, rheumatoid arthritis, erectile dysfunction, osteoporosis, 



iv 

 

and obesity) and periodontitis were investigated while adjusting for confounding bias. 

Univariate and multiple logistic regression analyses were used to evaluate differences in 

variable factors. 

Results: Among a total of 1,025,340 samples, 321,103 (31.3%) cases were diagnosed 

with periodontitis. Statistically significant associations were found between all LCs 

except myocardial infarction and periodontitis (P < 0.005). 

Conclusion: Periodontitis is significantly and positively correlated with LCs (except for 

myocardial infarction) after adjusting for confounding bias. In particular, lifestyle-related 

diseases, erectile dysfunction, and osteoporosis seem to be intimately related to 

periodontitis. 

 

 

 

 

 

 

 

 

 

Keywords: cohort, comorbid disease, periodontal disease, periodontitis



- 1 - 

 

Association of Lifestyle-related Comorbidities with 

Periodontitis: A Nationwide Cohort Study in Korea 

 

Jae-Hong Lee, D.D.S., M.S.D. 

 

Department of Dentistry 

The Graduate School, Yonsei University 

 

(Directed by Professor Seong-Ho Choi, D.D.S., M.S.D., PhD.) 

 

 

I. Introduction 

 

More than half of the world’s population reportedly has periodontal disease, 

recording sixth highest amongst the prevalence rate of inflammatory diseases1,2. In South 

Korea, the recent number of patients who are diagnosed and undergoing treatment for 

periodontitis has increased by 16.7% per annum. In 2013, 22% of the Korean population 

(representing about 10 million people) covered by the National Health Insurance Service 

(NHIS) have received periodontitis treatments, and US$ 500 million has been spent on 

their treatment3. 
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Periodontitis is a major oral disease that is strongly influenced by age4,5. Other 

sociodemographic factors such as sex, household income, insurance status, health status, 

and residence area also tend to affect the degree of periodontitis1,6. Lifestyle- related 

comorbidities (LCs) such as cerebral infarction (CIn), angina pectoris (AP), myocardial 

infarction (MI), hypertension, diabetes mellitus (DM), rheumatoid arthritis (RA), erectile 

dysfunction (ED), osteoporosis, and obesity are regarded as risk factors or risk indicators 

affecting the character or severity of periodontitis, or reversely, periodontitis is 

considered as the risk factor for comorbid diseases7-9. 

Cross-sectional and longitudinal epidemiologic studies have reliably established that 

microbial pathogens are the risk factors for periodontitis, but the relationships between 

various intrinsic and extrinsic associated factors and periodontitis remain unclear
10,11

. 

Small, single studies on the Korean population have been previously performed such as 

the Korean National Health and Nutrition Examination Survey that examined 

approximately 10,000 Koreans to identify the relationship between genetic, hematologic, 

anthropometric, sociodemographic factors and comorbidities; however, a retrospective 

large national cohort study involving patient samples stratified on the basis of 

demographic information has not been conducted6,12,13. Therefore, the present study 

aimed to deter- mine the prevalence and association of periodontitis in relation with LCs 

using data from the Korean National Health Insurance Cohort Database (KNHICD). 
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II. Materials and Methods 

 

 Data sources and study samples  1.

Almost all (97.1%) of the Korean population (51,448,491 people, comprising 

25,780,383 males and 25,668,348 females) was covered by the mandatory social NHIS in 

2013 (Lee et al. 2014). The records in the NHIS database include patients’ 

sociodemographic information, their use of in- and outpatient services, dental services, 

and traditional Korean medical services, and pharmacy dispensing claims. 

In the present study, a random sample of 1,025,340 people (representing 2% of the 

total population) insured by the NHIS in 2002 was selected by the NHIS Big Data 

Steering Department, which is conducting multistage sampling and investigating a 

representative sample of the whole population for the 11 years from 2002 to 2013. Initial 

cohort members were selected by stratified sampling of 1,476 strata according to sex (2 

groups), age (18 groups: those age 1–79 years in 5-year intervals, and those >80 years), 

and income level (41 groups: those with area- and job-based health insurance accounting 

for 20 groups each, and health insurance beneficiaries in 0 group). Members for whom 

records were no longer available due to death or emigration were excluded from 2003, 

and these were replaced by members recruited from newborns in the same calendar year. 

To protect the individual’s privacy, each patient’s identification number was anonymized. 
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Diseases were diagnosed using the Korean Classification of Disease, sixth edition (KCD-

6), which is a modified version of the International Classification of Disease (ICD-10) 

that is used in Korean National Health Insurance. The retrospective KNHICD of patients 

with periodontitis diagnosed by a general or specialized dentist was used based on the 

claims data from 2002 to 2013. We defined periodontitis as the presence of one of the 

following diagnostic codes as determined after receiving dental treatment: acute 

periodontitis (K052), chronic periodontitis (K053), periodontosis (K054), other 

periodontal disease (K055), and unspecified periodontal disease (K056). Inclusion criteria 

were based on criteria of the American Academy of Periodontology as well as ICD-10 

classification criteria14,15. 

This study was reviewed and approved by the institutional review board of NHIS 

Ilsan Hospital (approval #2015-06-022). 

 

 Confounding variables 2.

This study assessed sociodemographic variables and LCs as potential confounding 

factors. Using NHIS information, household income level was divided into 5 quintiles 

based on the insurance fee imposed on each household. The households in the Medical 

Aid program (MAP), which is a public assistance program for low-income households, 

were classed into the first quintile. Insurance status was classified into the MAP group 

and the NHIS group. The health status was divided into ‘major’ and ‘minor’ conditions 
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based on the Handicapped Welfare Law in South Korea; samples that did not belong to 

either of these were categorized as ‘‘healthy.’’ Residence area was classed according to 

the number of residents in the area into either ‘‘urban’’ (>50,000 residents) or ‘‘rural’’ 

(<50,000 residents). LCs were diagnosed by medical doctors and defined according to the 

following diagnostic codes using the KCD-6: CIn (I63 – I66), AP (I20), MI (I21, I22), 

hypertension (I10, I15), DM (E10 – E15), RA (M05, M06), ED (N48, N49), osteoporosis 

(M80–M82), and obesity (E66). 

 

 Statistical analysis 3.

Statistical analyses were conducted using the chi-square test to investigate the 

differences in variable factors. Univariate and multiple logistic regression analysis were 

performed to evaluate the independent association of LCs with periodontitis. To identify 

the risk factors associated with periodontitis, odds ratios (ORs) and 95% confidence 

intervals (CIs) were calculated. The chi-square test and logistic regression analysis were 

conducted with the SAS statistical package (version 9.2, SAS Institute, Cary, NC), and a 

P value < 0.005 was considered to indicate the presence of statistical significance. 
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III. Results 

 

 Sociodemographic factors associated with periodontitis 1.

In this study, sex, age, household income, insurance status, health status, and area of 

residence were used as stratification variables. Among a total of 1,025,340 samples, 

321,103 (31.3%) were diagnosed with periodontitis, consisting of 158,303 males (49.3%) 

and 162,800 females (50.7%). The prevalence of periodontitis increased with age up to 50 

years between 2002 and 2013, peaked at 47.3% in the age group of 40 to 49 years, 

remained stable among people aged than 50 to 59 years, and then decreased sharply to 

24.8% among those ages 60+ years. The prevalence rates were 27.2% and 35.7% among 

those in the first and fifth quintiles of household income, respectively, indicating that the 

prevalence of periodontitis increases with income. The prevalence rate of periodontitis 

was 4-fold higher in the NHIS group than in the MAP group (P < 0.001), and was lower 

in persons with severe disabilities (major group) than in those with moderate disabilities 

or who were healthy. The prevalence rate of periodontitis was higher among those 

residing in urban areas than in rural areas (P < 0.001, Table 1). 
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 Comorbidities associated with periodontitis 2.

LCs were detected in 551,414 (53.8%) of the samples. Among them, the prevalence 

rate was highest for hypertension (18.1%), followed by DM (11.6%), osteoporosis (8.6%), 

AP (5.7%), RA (5.6%), CIn (3.6%), MI (0.8%), obesity (0.5%), and ED (0.3%). The 

‘LCs with periodontitis’ group comprised 253,538 patients and had an overall prevalence 

rate of 45.9%. ED had the highest prevalence rate of 55.6%, followed by AP (47.7%), RA 

(46.2%), DM (46.1%), osteoporosis (45.5%), MI (44.8%), hypertension (43.9%), and CIn 

(41.9%). These results indicate that periodontitis is strongly correlated with LCs (P < 

0.001, Table 2). 

The overall LCs were statistical significant (P < 0.001) in the univariate analysis. 

These variables were then used in a multivariate analysis with adjusted sociodemographic 

and LC variables, which showed that MI was not statistically significant (OR = 0.98, 95% 

CI = 0.86 – 1.12; P = 0.836), whereas all of the other comorbidities were significantly 

related to periodontitis (Table 3). 
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IV. Discussion 

 

The recent and rapid improvements in the availability of nationwide population-

based medical information have resulted in its widespread use in cohort and cross-

sectional studies16-18. Analysis of the KNHICD revealed that the overall prevalence rate of 

periodontitis was 31.3%, and was 37.5% among adults age 20+ years. This proportion is 

much lower than a recent study of >50% of adults being affected by periodontitis19. In 

addition, the present study showed that the prevalence rate of periodontitis tended to be 

lower in those aged 60+ years and those with lower household incomes (including those 

in the MAP) and with greater disability (P < 0.001). These findings contrast with the 

general findings of previous studies that the rate of periodontitis is higher among those 

who are older and poorer5,20. This discrepancy can be explained by a lower accessibility 

to dental services due to socioeconomic and lifestyle risk factors such as low income, low 

education level, poor insurance status, noncompliance with dental treatment or poor 

dental knowledge, constraints in physical activity, and insufficient consideration of 

extracted teeth due to periodontitis21-23. In addition, the low prevalence rate found among 

those residing in rural areas in the present study is presumed to reflect the superiority of 

urban-based policies and medical infrastructure24. The prevalence rate of periodontitis 

differed markedly with household income, from 27.2% among those in the first quintile 
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to 35.7% among those in the fifth quintile (P < 0.001), which concurs with previous 

studies suggesting that health inequality is greatly affected by income1,25,26. 

There was a high prevalence rate of LCs combined with periodontitis (41.3% – 

55.6%, P < 0.001). The univariate and multivariate analyses of the association between 

LCs and periodontitis showed that all variables except MI were significantly and 

positively related to periodontitis (P < 0.005). This is consistent with previous studies 

finding positive correlations between periodontitis and LCs6,16,17. 

Cardiovascular disease (CVD), DM, RA, ED, osteoporosis, and periodontitis are 

common chronic inflammatory diseases that share similar host-related pathogeneses27,28. 

Although CVD, DM, RA, and periodontitis are considered to share the same 

proinflammatory mediators, such as tumor necrosis factor-a, interleukin-1, interleukin-6, 

and interleukin-8, and a direct bacterial-vascular pathway, the causal relation remains 

unclear28,29. In addition, the plasma concentration of inflammatory cytokines affects 

insulin resistance and type 2 DM and obesity30. In the present study, obesity (OR = 1.10, 

95% CI = 1.03–1.05, P = 0.003) was also found to be a risk factor for periodontitis, which 

is due to the chronic, low-grade inflammatory nature of the disease31. Among 5 

prospective cohort studies, it was found that the risk of CVD increased from 24% to 35% 

in the presence of increasing periodontitis, with a 1.14-fold increased risk (95% CI = 1.07 

– 1.21, P < 0.001) of the development of CVD in patients with periodontitis32. The data in 

the KNHICD indicated a weak negative correlation between MI and periodontitis in the 

present study (OR = 0.98, 95% CI = 0.86 – 1.12, P = 0.836), which contrasts with other 
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studies showing a significant and positive correlation with periodontitis33,34. These 

findings of the present study are due to the inclusion of subsequent MI in addition to 

acute MI. Subsequent MI showed a low prevalence rate, comprising only 4.9% of the 

entire MI population; however, in elderly patients its prevalence was higher than that of 

acute MI. Therefore, the reduced prevalence rate of periodontitis among those > 60 years 

was responsible for the multi-variable analysis revealing only a weak negative correlation 

between periodontitis and MI. 

ED and osteoporosis, with ORs exceeding 1.2, can be considered to be main risk 

factors among other LCs in this study35. ED is a pathophysiologic factor sharing a 

systemic inflammation mechanism with periodontitis36. It has been reported that ED 

might improve when periodontitis is treated
36

; however, few relevant studies have been 

conducted, and they have showed only a weak association between ED and periodontitis37. 

Keller et al.16 carried out a multivariate analysis of ED and periodontitis, which yielded 

an OR of 3.35. The OR was 1.53 (95% CI = 1.41 – 1.65, P < 0.001) when other 

confounding variables were adjusted, demonstrating a strong correlation. The database 

used by this study includes both acute and chronic cases; if only chronic periodontitis was 

investigated, it is likely that the correlations would have been stronger. The results 

obtained in previous studies and the present study together indicate that periodontitis is 

strongly associated with ED and it might be caused by the inflammatory pathway. 

The prevalence rates of both periodontitis and osteoporosis increase as patients get 

older, and both of these diseases increase bone resorption38. Osteoporosis is considered to 
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be a risk factor for aggravating periodontitis and tooth loss, but the relationship between 

these 2 diseases has not been fully characterized39. Most previous studies have involved 

small numbers of subjects, but a recent large-scale cohort study that involved 2 million 

people (adjusted for age) found a significant correlation between periodontitis and 

osteoporosis in women40. The present study also found a statistically significant 

relationship between periodontitis and osteoporosis after adjusting variables for age (OR 

= 1.21, 95% CI = 1.19–1.23, P < 0.001). This positive correlation is considered to have 

resulted from a common inflammatory mechanism of the 2 diseases by the action of 

prostaglandins and proinflammatory cytokines41,42. 

The current study was subject to several limitations. Firstly, this study included 

patients who were diagnosed with periodontitis as registered on the NHIS database and 

excluded patients with voluntary nonreimbursable treatment (ie, not covered by the NHIS 

or MAP). Secondly, the prevalence rate in this cohort was limited by the reasonably short 

analysis period of 11 years. Another major weakness is that smoking was not assessed by 

the KNHICD, which many studies have found is an important confounding factor for 

LCs5,31. Nonetheless, the present study was strengthened by the use of complex 

population-based data (including >97% of the total Korean population) from the NHIS, 

rather than voluntary participants. The classifications in the KNHICD are based on 

conclusive diagnoses made by medical doctors, so the prevalence rates and associations 

between selected lifestyle-related diseases are highly reliable. In addition, this study 

considered the coefficient of variation of stratified total medical costs and used 1476 
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strata to ensure the representativeness of extraneous variables. The use of this precisely 

extracted cohort database in the current investigation of the correlation between 

sociodemographic and LC variables with periodontitis by adjusting confounding bias 

makes this a meaningful study. 
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V. Conclusion 

 

Significant and positive correlations were found between periodontitis and all LCs 

except MI using data in the KNHICD from 2002 to 2013. In particular, lifestyle-related 

diseases, ED, and osteoporosis are strongly correlated with periodontitis. 
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Tables 

 

Table 1. Sociodemographic factors and prevalence of periodontitis in the Korean 

population included in this study. 

 
Study population  Prevalence of periodontitis 

 
n percentage  n percentage P 

Total 1,025,340   321,103 31.3  

Gender       

   Male 513,258 50.1  158,303 30.8 <0.001 

   Female 512,082 49.9  162,800 31.8  

Age group (years)       

   ≤9 136,582 13.3  10,293 7.5 <0.001 

   10–19 141,942 13.8  30,421 21.4  

   20–29 170,847 16.7  50,132 29.3  

   30–39 187,717 18.3  74,649 39.8  

   40–49 168,327 16.4  79,631 47.3  

   50–59 97,116 9.5  45,036 46.4  

   ≥60 122,809 12.0  30,491 24.8  

Household income*       
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First quintile 154,601 15.1  42,102 27.2 <0.001 

   Second quintile 157,756 15.4  46,298 29.3  

   Third quintile 201,194 19.6  60,607 30.1  

   Fourth quintile 242,149 23.6  75,703 31.3  

   Fifth quintile 269,640 26.3  96,393 35.7  

Insurance status       

   MAP 30.713 3.0  4,762 15.5 <0.001 

   NHIS 994,627 97.0  316,341 63.6  

Health status†       

   Healthy 998,030 97.3  313,137 31.4 <0.001 

   Major 

condition 
9,461 0.9  1,860 19.7  

   Minor 

condition 
17,849 1.7  6,106 34.2  

Residence area‡       

 Urban 920,588 89.8  293,628 31.9 <0.001 

   Rural 104,752 10.2  27,475 26.2  

 

NHIS = National Health Insurance Service; MAP = Medical Aid program 

* Divided into five quintiles based on the insurance fee imposed on each household, and 

MAP group classed into the first quintile 

† Classified by Handicapped Welfare Law in South Korea 

‡ Classified with a cutoff of 50,000 residents 
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Table 2. Lifestyle-related comorbidities and prevalence of periodontitis in the Korean 

population included in this study. 

 
Study population  Prevalence of periodontitis 

 
n percentage  n percentage P 

Total 551,414   253,538 45.9  

Cardiovascular 

disease 
      

Cerebral 

infarction 
36,569 3.6  15,339 41.9 <0.001 

Angina pectoris 58,692 5.7  27,991 47.7 <0.001 

Myocardial 

infarction 
8,179 0.8  3,660 44.8 <0.001 

Hypertension 186,044 18.1  81,658 43.9 <0.001 

Diabetes mellitus 119,138 11.6  54,881 46.1 <0.001 

Rheumatoid 

arthritis 
57,024 5.6  26,320 46.2 <0.001 

Erectile 

dysfunction 
2,732 0.3  1,519 55.6 <0.001 

Osteoporosis 87,904 8.6  40,036 45.5 <0.001 

Obesity 5,072 0.5  2,096 41.3 <0.001 

 

Comorbid diseases were diagnosed using the Korean Classification of Disease, sixth 

edition. 
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Table 3. Association of lifestyle-related comorbidities with periodontitis in univariate 

and multivariate analyses. 

  Univariate analysis  Multivariate analysis* 

(ref: normal)  OR  95% CI P  OR  95% CI P 

Cardiovascular 

disease 
          

Cerebral 

infarction 
  1.61  1.58–1.65 <0.001   1.04  1.02–1.07 0.001 

Angina pectoris   2.10  2.06–2.13 <0.001   1.18  1.16–1.21 <0.001 

Myocardial 

infarction 
  1.73  1.53–1.96 <0.001   0.98  0.86–1.12 0.836 

Hypertension   1.96  1.94–1.98 <0.001   1.07  1.05–1.08 <0.001 

Diabetes mellitus   2.05  2.03–2.08 <0.001   1.16  1.14–1.18 <0.001 

Rheumatoid arthritis   1.96  1.93–1.99 <0.001   1.17  1.15–1.19 <0.001 

Erectile dysfunction   2.75  2.55–2.97 <0.001   1.53  1.41–1.65 <0.001 

Osteoporosis   1.95  1.93–1.98 <0.001   1.21  1.19–1.23 <0.001 

Obesity   1.55  1.46–1.64 <0.001   1.10  1.03–1.16 0.003 

 

OR = odds ratio; CI = confidence interval 

Boldface denotes statistical significance (P < 0.005). 

*Multivariate logistic regression adjusted for sociodemographic and comorbid variables. 
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국문요약 

  

치주질환과 생활습관병과의 관계:  

표본 코호트를 이용한 후향적 연구 2002-2013 

 

 

<지도교수 최 성 호> 

연세대학교 대학원 치의학과 

 

이 재 홍 

 

과거 성인병이라는 용어로 사용되어 왔던 생활습관병은 질병의 발생과 

진행에 식습관, 운동습관, 흡연, 음주 등의 생활습관 등의 영향을 받는 

질환군을 말한다. 생활습관병에는 잘 알려진 고혈압, 당뇨, 비만, 고지혈증, 

동맥경화증, 협심증, 심근경색증, 뇌졸중뿐만 아니라 만성폐쇄성폐질환, 

알코올성 간질환, 퇴행성 관절염, 발기부전, 골다공증, 악성 종양 등도 

포함된다. 치주질환은 전세계 인구의 절반 이상이 가지고 있으며, 모든 질환 

중 여섯 번째로 높은 유병률을 보이는 흔한 염증성 질환이다. 한국에서는 

2013 년 한 해 동안 건강보험 적용 인구의 22%인 천만 명이 치주질환으로 

진료를 받았으며, 치주질환으로 진단 또는 치료를 받는 환자의 수가 연평균 

16.7%씩 증가하고 있다. 이렇게 만연해 있는 치주질환과 생활습관병은 여러 
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염증성 물질들을 서로 공유하고 있는 것으로 알려져 있으며, 최근의 연구에서 

둘 사이에 유기적인 상관관계가 있음이 언급되고 있다. 이에 이번 연구는 전 

국민의 2%인 100 만 명의 국민건강보험공단표본 코호트 데이터베이스를 

분석하여 치주질환과 생활습관병 (뇌경색, 협심증, 심근경색, 고혈압, 당뇨, 

류마티스성 관절염, 혈관성 발기부전, 골다공증, 비만) 사이의 연관성을 

조사하였다. 

연구 결과, 표본인 100 만명중 32 만명이 치주염으로 55 만명이 

생활습관병으로 진단받았으며, 이를 동시에 가지고 있는 환자는 

25 만명이었다. 대상자의 사회경제적 변수 (성별, 나이, 소득분위, 보험 가입자 

구분, 지역)와 동반질환을 통계적으로 통제하여 다변수 분석을 시행한 결과, 

조사한 거의 모든 생활습관병이 치주염과 관계가 있음을 확인할 수 있었다. 

치주질환을 동반한 경우, 협심증이 1.18 배, 류마티스성 관절염이 1.17 배, 

당뇨가 1.16 배, 비만이 1.1 배, 고혈압이 1.07 배, 뇌경색은 1.04 배로 

조사되었으며, 특히 조사한 생활습관병 중 혈관성 발기부전는 1.53 배, 

골다공증은 1.21 배로 높은 연관성을 보였다. 

이번 연구를 통하여 치주질환과 생활습관병의 연관성을 다시 한번 확인할 

수 있었다. 따라서 생활습관병의 예방을 위해서는 식습관, 운동, 생활 자세, 

흡연, 음주 등의 잘 알려진 생활습관 개선뿐 만 아니라 치주질환의 예방 및 

조기 진단, 치료가 필요할 것으로 고려된다. 여기에 더불어, 한국인에 있어서 
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건강보험공단 빅데이터 분석 결과 치주염과 혈관성 발기부전의 연관성이 다른 

생활습관병에 비하여 높게 나타나는데 대한 추가적인 연구가 필요할 것으로 

보인다. 
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