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-Abstract- 

Association of intake of thiamine, 
riboflavin and niacin with periodontitis 

among Korean adults

Jung-Hoo Lee, D.D.S, M.S.D.

Department of Preventive & Social Dentistry
The Graduate School, Seoul National University 

 (Directed by Prof. Hyun-Duck Kim, D.D.S, M.S.D, Ph. D)

Objective: Adequate intake of vitamin B-complex could be important for 

oral health. However, few studies reported on the association of individual 

thiamine (vitamin B1), riboflavin (vitamin B2), and niacin (vitamin B3) with 

periodontal health. This study described the association between periodontal 

health and dietary vitamin B1, B2, and B3 intake in the Korean population.

Methods: 12,750 adults aged over 19 years were included for this 

study as a sub-sample of the national data set from Korean National 

Health and Nutrition Examination Survey (IV and V). Periodontitis and 

gingivitis were defined as Community Periodontal Index (CPI) scores 

of 3-4 and 1-2, respectively. Informations on dietary vitamin B1, B2, 

and B3 intake were from 24-hour-dietary recall method. Multi-variable 

complex logistic regression analyses estimated association between vitamin 



B1, B2, and B3 intakes and periodontal status after adjusting for various 

potential confounders. Stratified analyses by age, sex, dyslipidemia and 

total energy intake were also undertaken. 

Results: The weighted prevalence of periodontitis (CPI 3-4) and gingivitis 

(CPI 1-2) was 29.9% and 46.6%, respectively. Our data showed none of the 

inadequate intake of vitamin B1, B2, and B3 with gingivitis and vitamin B1, B2 

with periodontitis showed the significant association after adjusting for various 

potential confounders. However, inadequate intake of vitamin B3 showed the 

significant association with periodontitis by quartile and EAR (adjusted odds 

ratio (aOR) of vitamin B3 by EAR =1.25, 95% CI=1.07-1.46). The association 

of vitamin B3 with periodontitis was stronger in females and participants aged 

40-59 years.

Conclusions: Inadequate dietary intake of vitamin B3 was associated 

with periodontitis.

Key words: Thiamine (vitamin B1), Riboflavin (vitamin B2), 

           Niacin (vitamin B3), Epidemiology, Gingivitis, Periodontitis.
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1. Introduction

1-1. Background

Periodontal diseases are highly prevalent 1. The prevalence of ‘mild’ to 

‘severe’ periodontitis in 2009-2012 among U.S. adults aged over 30 years was 

46% 2. There could be many inflammatory conditions affecting periodontal 

disease. Risk factors include oral bacteria 3, metabolic syndrome 4, obesity 5, 

diabetes 6, hypertension 7, smoking 8, drinking 9, financial strain 10, specific 

genes 11, mercury exposure 12, tooth brushing and proximal cleaning 13.

Nutrition factors are linked in oral, systemic disease and conditions 14. 

Diet could play an important role in oral health and might be modifying 

factor in the process of periodontal disease 15. Diet quality and nutrition 

had close association with tooth loss 16,17. Some study noted that as 

people lose teeth, there was a trend toward the presence of a poorer diet 
18. Malnutrition and diet quality could be predisposing factor to the 

progression of periodontal lesions. Inadequate vitamin C (Ascorbic acid) 

intake was associated with periodontitis 19.

 Vitamin B-complex could be important to wound healing in 

periodontal tissue among all the nutrients needed for physiological 

function 20 and Vitamin B-complex supplementation could restore clinical 

attachment levels (CAL) gains with flap surgery 21. Vitamin B3 (niacin) 

was first described as a lipid modulator in 1955 22. Since then, vitamin 

B3 supplementation has been used for the pharmacologic treatment of 

lipid disorders 23. Vitamin B3-deficient stomatitis including gingivitis and 
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periodontitis was reported in niacin deficient marmosets for the first time 24. 

Some study noted that nicotinate paste could reduce the inflammation of 

gingiva in monkey study 25. The serum level of vitamin B9 (folate) 26 and 

vitamin B12 (Cobalamin) 27 of vitamin B-complex were significantly associated 

with periodontal disease. 

1-2. Hypothesis and Objectives 

The previous vitamin B-complex studies had some limitations: rare, 

small samples, the lack of adjustment and methodological rigorousness. 

Furthermore, the association of individual vitamin B1, B2, and B3 

with periodontal disease were not well investigated. Thus, more 

evidences on the association between dietary intake of vitamin B1, B2, 

and B3 and periodontal health are needed. Studies with sufficient 

sample size and adjustment for various potential confounders are 

indicated to confirm the link. Hence, we made a hypothesis that 

inadequate intake of vitamin B1, B2, and B3 is associated with 

periodontal health among adults. Thus, this study aims to evaluate the 

association between vitamin B1, B2, and B3 and periodontal diseases 

encompassing gingivitis and periodontitis, and the stratified association 

by age, sex, dyslipidemia and total energy intake after controlling for 

various potential confounders among the nationally representative 

Korean adults.
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2. Materials and Methods

2-1. Study design and participant selection

This study used data-sets from the fourth and fifth Korean 

National Health and Nutrition Examination Survey (KNHANES IV 

and V, 2007 to 2012) 28. This survey has been conducted as every 

year continuous survey from 2007. The multi-stage, stratified, 

clustered, rolling survey, and complex sampling methods were 

designed to involve independent and equal properties. The primary 

sample units (PSUs) were selected from a sampling frame based on 

the household registries survey data. Approximately, 20 households 

from each of 576 PSUs were selected. This cross-sectional data-set 

includes information on the general health, oral health and nutritional 

status of the non-institutionalized civilian population in Korea.

We combined the continuous five-year KNHANES data (KNHANES 

IV and V) in order to generate data sets that are more representative. 

However, the year 2011 data was excluded in this study due to the 

lack of precise periodontal examination. The inclusion criteria for this 

study were: (1) adult aged 19 years and over; (2) those dentate who 

underwent a periodontal examination; (3) those with essential nutrients 

intake information of vitamin A, B1, B2, B3, and C, and total energy 

intake; (4) those with potential confounding variables. Out of total 

41,887 participants in year 2007-2012, the 31,439 participants (75.1% 

of the total) were older than 19 years of age. Out of the 31,439 
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participants, the 27,978 participants (66.8% of the total) had a valid 

periodontal examination. Out of the 27,978 participants, the 24,342 

(58.1% of the total) participants had valid nutrition data. Out of the 

24,342 participants, the 12,750 participants (30.4% of the total) who 

had information about potential confounding variables were included 

for the final analysis (Fig. 1). This study used the Strengthening the 

Reporting of Observational studies in Epidemiology guideline 29 

(Appendix 2).

2-2. Assessment of periodontal status

The outcome variable is periodontal health. Trained dentists 

examined the periodontal status of the participants using Community 

Periodontal Index (CPI) according to the World Health Organization 

guideline 30. The CPI scores are as follows: CPI 0= normal health gingiva, 

CPI 1= gingival bleeding on probing, CPI 2= presence of calculus, CPI 3= 

pocket depth of 3.5-5.5mm, CPI 4= pocket depth of 5.5mm or more. The 

WHO guideline categorized periodontal status into three groups: healthy 

(CPI 0), gingivitis (CPI 1-2) and periodontitis (CPI 3-4). Ten index teeth 

were selected for the periodontal examination: two molars in each posterior 

sextant and the upper right and lower left central incisors. If the index 

tooth was absent in a sextant qualifying for examination, the adjacent 

remaining tooth in that sextant was examined.    The measurements of 

CPI using a CPI probe were made at six sites (mesio-buccal, 
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mid-buccal, disto-buccal, disto-lingual, mid-lingual, and mesio-lingual) 

per tooth with nearly 20g probing force. The highest score for teeth 

was recorded as the CPI score. The mean of Kappa values for 

inter-examiner reliability were from 0.70 to 0.93 31-35.

2-3. Assessment of dietary intake of vitamin A, B1, B2, B3 and C

The intakes of dietary vitamin A, B1, B2, B3 and C intakes were 

evaluated using the 24-hour dietary recall method by food frequency 

questionnaire (FFQ) through direct interview. This method has been 

widely used in nutrition epidemiology to estimate the mean intakes for 

groups 36. The daily total energy intakes (or total energy expenditure) 

were classified into above and below by the cut-off using Estimated 

Energy Requirement (EER) in Korea. The EER was calculated by the 

prediction equation 37 of doubly labeled water suggested in Korean Dietary 

Reference Intakes 2015 38. Daily dietary food intake was calculated as 

estimates of the daily nutrient intakes by using the food nutrient 

composition database and calculation formula conducted by Korea 

Centers for Disease Control and Prevention (KCDCP) 39. 

In this study, individual vitamin B1, B2 and B3 are main explanatory 

variables. The continuous dietary intake of vitamin B1, B2 and B3 was 

categorized using two ways of categorization for sensitive analysis: 

Firstly, we categorized the continuous dietary intake of vitamin B1, B2, 

and B3 into quartile: lowest (Q1), middle lower (Q2), middle upper 
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(Q3), highest (Q4). Secondly, the continuous dietary intake value of 

vitamin B1, B2, and B3 was categorized into three groups using the 

Korean Estimated Average Requirement (KEAR) according to the 

cut-off point of Dietary Reference Intake (DRI) 38 for the clinical 

considerations. The three groups were adequate intake, inadequate 

intake, and over tolerable upper intake. The EAR is defined as the 

average daily nutrient intake to meet the nutrient requirements of half 

of the population, which is commonly used in assessing nutrient 

adequacy of the population groups 40. According to the EAR, we can 

determine whether their intake of the nutrients is adequate 41. The 

over tolerable upper intake level (UL) is defined as an estimate level 

at which adverse health risk could appear. The UL of vitamin A, B3, 

and C have is 3000㎍/day for vitamin A, 35mg/day for vitamin B3, 

and 2000mg/day for vitamin C respectively according to the DRI 38. 

2-4. Assessment of potential confounders

 Many various potential confounders such as age, sex, income, 

behaviors and systemic health have been reported on the association 

between periodontal status and nutrients intake 42,43. Intakes of 

nutrients were associated with social status, economic status, physical 

exercise, life style and obesity 44,45. Thus, we selected five groups of 

potential confounders, a priori: socio-demographic factors (age, sex, 

and household income), oral health-related behavior (tooth brushing), 
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and general health-related behaviors (physical activity, alcohol drinking, 

cigarette smoking), nutrition factors (vitamin A, vitamin C), total energy 

intake, and systemic disease factors (diabetes, hypercholesterolemia, 

dyslipidemia, hypertension, and obesity). The information was acquired 

from standardized questionnaires applied by trained interviewers, the 

information about diabetes, hypercholesterolemia, and hypertension were 

from laboratory tests, and obesity was from physical measurements by 

nurses. We used age as a continuous variable for adjusted analysis. 

For subgroup analysis, we categorized age into three age groups: 19 

to 39, 40 to 59, and 60 and over. The monthly household income 

adjusted for the number in the family was categorized into quartile. 

The frequency of tooth brushing/day was categorized into three: once or 

no, twice, and thrice or more/day. Physical activity was based on 

walking exercise of at least 30 minutes/day, was categorized into three: 

no exercise, 1 to 4 times/week, and 5 to 7 times/week. Alcohol drinking was 

categorized into four groups: 0 to 1 times/month, 2 to 4 times /month, 2 

to 3 times/week, and over 4 times/week. Cigarette smoking was 

categorized into three: non-smokers, former smokers, and current smokers.

 Diabetes mellitus (DM) was classified into three groups according to 

the diagnostic criteria of American Diabetes Association 46. DM was 

defined as having fasting plasma glucose (FPG) ≥126mg/dl or on 

anti-diabetic medication, Pre-diabetes (impaired fasting glucose, IFG); 100≤

FPG≤125mg/dl, and the Normal; FPG<100mg/dl. Hypercholesterolemia 
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was defined as fasting total cholesterol (FTC) ≥ 240mg/dl, or on 

anti-cholesterol medication, normal status: FTC < 240 mg/dl, according 

to the criteria of National Cholesterol Education Program Adult 

Treatment Panel III (NCEP-ATP III). Dyslipidemia was defined as one 

or more of the follows: Low Density Lipoprotein Cholesterolemia; (LDL-C

≥160mg/dL), triglyceridemia (TG≥200mg/dL), High Density Lipoprotein 

Cholesterolemia (HDL-C <40mg/dL). Hypertension was defined as having 

either systolic blood pressure (SBP) ≥ 140mmHg or diastolic blood pressure 

(DBP) ≥ 90mmHg, or on anti-hypertensive medication, Pre-hypertension 

stage; 120 ≤ SBP < 140 mmHg or 80 ≤ DBP <90 mmHg, and Normal 

blood pressure; SBP < 120 mmHg and DBP < 80 mmHg. It was based 

on blood pressure cut-off points suggested by the Joint National 

Committee on the Prevention, Detection, Evaluation, and Treatment of 

High Blood Pressure report 47. Obesity was defined by the body mass 

index (BMI) which was calculated as weight (kg) divided by the square 

of height in meters (kg/m2). Those underweight had a BMI < 18.5 kg/m2, 

normal: ≥ 18.5 kg/m2, but <25 kg/m2, and obesity: ≥25.0 kg/m2 as 

suggested by the WHO 48. 

2-5. Statistical analysis

The KNHANES IV and V data used a complex sampling design 

with stratification, clustering and unequal weighting. Thus, all statistical 

analyses accounted for the complex sample design, and individual 
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weighted factors. The outcome variables were the prevalence odds of 

gingivitis and periodontitis, and the main explanatory variables were 

dietary vitamin B1, B2, and B3 intake. The Rao-Scott chi-square test 

was performed to compare the characteristics of participants and dietary 

vitamin B1, B2, and B3 intake by periodontal status. Multivariable 

logistic regression analysis considering complex sample design of 

KNHANES was carried out to evaluate the adjusted association. The 

adjusted odds ratios (adjusted ORs) and 95% confidence interval (CI) 

of dietary vitamin B1, B2, and B3 for gingivitis and periodontitis were 

estimated after adjusting for potential confounders. Our data showed 

that vitamin B1, B2, and B3 were highly correlated: the correlation 

coefficient was 0.73 for vitamin B1 versus vitamin B2, 0.75 for vitamin 

B1 versus vitamin B3, and 0.72 for vitamin B2 versus vitamin B3. 

Because of high collinearity among vitamin B1, B2 and B3, we decided 

to undertake the separate analyses of vitamin B1, B2, and B3. 

Moreover, the association between the quartile of vitamin B1, B2, and 

B3 and periodontitis were also evaluated. There might be some 

variance between vitamins and periodontitis according to age and sex 
19. Thus, we performed the stratified analyses according to age group 

and sex to find out more risky group and to reduce big-sample bias 

according to the sampling strategy of KNHANES IV and V. 

Moreover, we additionally performed stratified analyses according to 

total energy intake and dyslipidemia, since total energy intake and 
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dyslipidemia could modify the association between vitamin B1, B2, B3 

and periodontal status. SPSS statistical package version 24 (SPSS: IBM 

corporation, Armonk, NY, USA) was used for all statistical analyses.

3. Results

3-1. Characteristics of the participants according to periodontal status 

Among 12,750 participants, the weighted prevalence of gingivitis was 46.6% 

(95% CI, 45.1-48.2) and that of periodontitis was 29.9% (95% CI, 28.6-31.3) 

respectively (Table 1). Among 11,592 non-participants excluded due to the 

lack of information about potential confounders, the prevalence of gingivitis 

and periodontitis was 48.2% (95% CI, 46.6-49.9) and 26.7% (95% CI, 

25.2-28.2) respectively. The proportion of healthy group had higher 

proportion in females, high income, three times or more tooth brushing per 

day, more physical activity, the least alcohol drinkers, non-smokers, and 

normal systemic conditions.

3-2. Association of dietary intake of vitamin B1, B2, and B3 with gingivitis

Only vitamin B2 by quartile was significantly associated with 

gingivitis (adjusted OR=1.46, 95% CI=1.21-1.78) (Fig. 2). None of the 

inadequate intake vitamin B1, B2, and B3 by EAR showed significant 

association with gingivitis in adjusted odds ratios after controlling for 

potential confounders such as nutrition factors, socio-demographic 
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factors, oral and general health-related behaviors, and systemic 

condition factors (Table 2). The association were crude OR (95% CI) of 

1.13 (1.01-1.26) and adjusted OR (95% CI) of 1.12 (0.99-1.27) for vitamin 

B1, crude OR (95% CI) of 1.18 (1.06-1.32) and adjusted OR (95% CI) of 

1.08 (0.95-1.22) for vitamin B2, and crude OR (95% CI) of 1.13 (1.0-1.28) 

and adjusted OR (95% CI) of 1.12 (0.97-1.29) for vitamin B3. The binge 

drinkers (over 4 times/week) showed higher prevalence odds by 1.4 times 

than non-drinkers after adjustment.

3-3. Association of dietary intake of vitamin B1, B2, and B3 with periodontitis

 Both vitamin B2 and B3 by quartile were significantly associated 

with periodontitis (adjusted OR=1.52, 95% CI=1.20-1.93 for vitamin 

B2 and adjusted OR=1.38, 95% CI=1.10-1.74 for vitamin B3) (Fig. 2). 

Only inadequate intake of vitamin B3 by EAR showed significant 

association with periodontitis in crude and adjusted analyses (Table 3): 

crude OR (95% CI) of 1.28 (1.13-1.45) and adjusted OR (95% CI) of 

1.25 (1.07-1.46). For vitamin B1, crude and adjusted ORs (95% CI) 

were 1.26 (1.12-1.42) and 1.13 (0.98-1.32) respectively. For vitamin 

B2, crude and adjusted ORs (95% CI) were 1.52 (1.34-1.72) and 1.11 

(0.95-1.29) respectively. The binge drinkers (over four times per 

week), current smokers, those with diabetes and those with obesity 

showed higher prevalence odds of periodontitis by 1.9 times, 1.6 
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times, 1.6 times and 1.2 times than non-drinkers, non-smokers, those 

without diabetes, and those without obesity respectively.

3-4. Stratified association by age, sex, dyslipidemia and total    

energy intake by EAR

In the stratified analysis, the association of vitamin B3 by EAR with 

periodontitis was stronger in participants aged 40-59 years (adjusted OR=1.59, 

95% CI=1.23-2.06) and female (Table 4). The subjects without dyslipidemia 

were also significant with periodontitis (adjusted OR=1.25, 95% CI=1.07-1.48).  

4. Discussion

Our results suggest that inadequate dietary intake of vitamin B3 could 

be a risk factor for periodontitis. The association was stronger in 

female, participants aged 40 to 59 years. To the best of our knowledge, 

our results are the first evidence from nationally representative adults 

that accept the hypothesis that inadequate intake of vitamin B3 was 

associated with periodontitis.

The main strengths of this study are as follows. Firstly, to our 

knowledge, this is the first cross-sectional study on the associations 

between individual vitamin B1, B2, B3 and periodontal disease with 

nation-wide and representative sample. Secondly, we estimated dietary 

vitamin B1, B2, and B3 intake by two ways (Quartile and EAR) for 
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sensitivity analyses. Thirdly, the associations were adjusted for various 

potential confounders. Finally, our results might be used in periodontal 

disease patients to improve periodontal status.

Our data showed that the associations between intake of vitamin B3 

and periodontitis were stronger in females and participants aged 40 to 

59 years. This was likely due to the facts that females were less 

likely to smoke or consume alcohol than males 43, and they might 

have less periodontitis. In addition, middle-aged adults have moderate 

prevalence of periodontitis across age, which could be appropriate age 

group to show the association of intake of vitamin B3 with 

periodontitis. Especially, the association was significant in those with 

no dyslipidemia, since inadequate intake of vitamin B3 could aggravate 

lipid disorders 49. Moreover, vitamin B2 by the quartile was associated 

with both gingivitis and periodontitis even though it was not 

associated by EAR. The association between vitamin B2 and gingivitis 

and periodontitis was significant at lowest quartile. Hence, further 

studies are indicated to clarify these findings.

Our finding was that inadequate intake of vitamin B3 was 

significantly associated with periodontitis. Vitamin B3 is an effective 

drug for lipid disorders such as cardiovascular disease, coronary heart 

disease, metabolic syndrome, and dyslipidemia, which are all closely 

associated with periodontitis 49,50. Moreover, there could be any 

conditions whereby vitamin B3 (or any of the other vitamin A/B/C) 
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are not absorbed thus leading to lower levels for those with liver 

dysfunction. Hyper-lipidemia could impair immune response to 

periodontal pathogen infection (Porphyromonas gingivalis) 51. Lipid 

regulating genes were strongly related with periodontitis 11. Therefore, 

controlling lipid disorders could be an important factor for the 

management of periodontitis 52. The statins that were used in 

lipid-lowering therapies were associated with protecting from tooth loss 
53. Thus, these previous evidences confirmed our findings. It could be 

important to eat adequate niacin intake by taking vitamin B3-rich foods 

such as meat, fish, milk, green vegetables, and cereal grains regularly 
54. When niacin is used to treat high blood cholesterol levels, 

500-1,000 mg extended-release nicotinic acid is provided 55. However, 

when taken in over-dose of 1000 mg/day as pharmacologic use, niacin 

can cause serious adverse effect 56. Thus, to determine effective dose to 

periodontal treatment, well designed prospective experimental study is 

needed.

The deleterious action of vitamin B3-deficiency on periodontitis could 

be addressed possibly as follows: firstly, hyper-lipidemia increases 

pro-inflammatory cytokines secretion such as tumor necrosis factor-alpha 

(TNF-α) and interleukin-1 beta (IL-1β) 52. Vitamin B3 deficiency mediates 

inflammatory effect by non-regulating lipid 57. Secondly, oxidative stress 

is thought to be linked in inflammatory disease and closely involved in 

the development of periodontitis 58. The anti-oxidative property of vitamin 
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B3 could be beneficial to the prevention of periodontitis. Lastly, vitamin 

B3 deficiency could cause cell injury 59 and delay DNA repair 60. 

  There are several limitations to this study. Firstly, this cross-sectional 

study prevented us from inferring causality between dietary niacin 

intake and periodontitis. Secondly, the KNHANES (2007 to 2012) 

derived nutrient intake data by 24-hour recall method. However, 

24-hour recall method has some limitations due to lack of 

representation of the habitual dietary pattern of individual 16. Thirdly, 

those with any missing variables data were excluded, which might 

involve selection bias. However, the prevalence of periodontitis among 

the non-participants was similar to that of participants. Finally, the 

CPI evaluation have the possibility of underestimation 4 in assessing 

since this is a partial mouth examination, old subjects have tendency 

to have gingival recession with low pockets and over estimation in 

deep pocket of edematous gingiva. However, CPI has been accepted 

as an evaluating tool for periodontal health in epidemiological study. 

Finally, well-designed longitudinal further studies are required to infer 

causality. Notwithstanding these limitations, this nationally 

representative epidemiological study was valid enough to test the 

hypothesis that inadequate vitamin B3 intake was associated with 

periodontitis. 



16

5. Conclusion

 Our data support that inadequate intake of dietary vitamin B3 was 

associated with periodontitis and could be an independent risk factor 

for periodontitis.



Table 1. Characteristics of the participants according to periodontal status (N=12750)

Variables Category Total Periodontal status
Healthy (CPI 0) Gingivitis (CPI 1-2) Periodontitis (CPI 3-4) p-value b

N N % (95%CI) a N % (95%CI) N % (95%CI)
Total 12750 2752 100.0 5791 100.0 4207 100.0
Age,    Mean ±SD c 12750 41.37±14.60 43.98±14.89 54.05±13.35 <0.001
Sex                 Male 5673 913 42.3 (39.9-44.7) 2390 52.7 (51.3-54.2) 2370 64.9 (63.3-66.5) <0.001

Female 7077 1839 57.7 (55.3-60.1) 3401 47.3 (45.8-48.7) 1837 35.1 (33.5-36.7)
Monthly household income <0.001

Low 2094 291 9.2 (7.8-10.8) 830 11.2 (10.0-12.5) 973 16.7 (15.2-18.4)
Middle-low 3070 561 21.4 (19.3-23.7) 1396 23.8 (22.2-25.5) 1113 26.3 (24.5-28.3)

Middle-high 3647 846 30.4 (28.2-32.6) 1692 30.8 (29.1-32.6) 1109 29.8 (27.9-31.7)
High 3939 1054 39.1 (36.3-42.0) 1873 24.1 (32.0-36.4) 1012 27.2 (25.0-29.5)

Tooth brushing frequency per day <0.001
Once or no 1482 200 6.6 (5.5-7.9) 619 9.5 (8.7-10.5) 663 14.2 (13.0-15.6)

Twice 5292 968 35.1 (33.0-37.3) 2396 40.7 (39.1-42.4) 1928 45.6 (43.8-47.4)
Three times or more 5976 1584 58.3 (55.9-60.6) 2776 49.7 (48.0-51.5) 1616 40.2 (38.3-42.1)

Physical activity (walking) d 0.002
          No 1489 279 9.4 (8.2-10.8) 700 11.0 (10.0-12.2) 510 12.0 (10.8-13.3)

1-4/week 4546 1038 36.6 (34.4-38.8) 2084 36.5 (35.1-38.0) 1424 37.0 (35.2-38.8)
5-7/week 6715 1435 54.0 (51.6-56.4) 3007 52.4 (50.7-54.1) 2273 51.0 (49.1-52.9)

Alcohol drinking (past one year) <0.001
 0-1/month 6511 1501 48.6 (46.1-51.1) 2979 46.1 (44.5-47.7) 2031 42.4 (40.6-44.2)

2-4/month 3227 775 31.5 (29.4-33.6) 1518 29.4 (28.0-30.9) 934 24.5 (22.9-26.1)
2-3/week 1990 378 16.4 (14.7-18.4) 897 18.0 (16.8-19.3) 715 20.1 (18.6-21.8)
≥ 4/week 1022 98 3.5 (2.8-4.4) 397 6.5 (5.7-7.3) 527 13.0 (11.8-14.3)

Cigarette smoking <0.001
Non-smoker 7215 1857 60.3 (57.9-62.6) 3453 51.7 (50.1-53.3) 1905 37.4 (35.7-39.1)

Former smoker 354 92 4.2 (3.4-5.3) 178 3.7 (3.1-4.3) 84 2.1 (1.6-2.7)
Current smoker 5181 803 35.5 (33.2-37.8) 2160 44.6 (43.1-46.2) 2218 60.5 (58.7-62.3)

Diabetes e         Normal 9331 2261 83.9 (82.1-85.5) 4446 79.4 (78.0-80.7) 2624 64.4 (62.5-66.2) <0.001
Pre-diabetes 2346 370 12.8 (11.3-14.4) 953 15.4 (14.2-16.6) 1023 23.4 (21.8-25.1)

Diabetic 1073 121 3.4 (2.8-4.1) 392 5.3 (4.6-6.0) 560 12.2 (11.0-13.4)
Hypercholesterolemia 

no 11416 2531 93.2 (91.9-94.3) 5241 91.8 (90.9-92.6) 3644 87.8 (86.6-88.8) <0.001
yes 1334 221 6.8 (5.7-8.1) 550 8.2 (7.4-9.1) 563 12.2 (11.2-13.4)

Dyslipidemia f <0.001
No 11798 2577 95.2 (94.3-96.0) 5412 94.5 (93.8-95.2) 3809 91.0 (89.9-92.1)



Yes 952 175 4.8 (4.0-5.7) 379 5.5 (4.8-6.2) 398 9.0 (7.9-10.1)
Hypertension g <0.001

Normal 6274 1679 62.1 (59.7-64.5) 3051 54.2 (52.3-56.1) 1544 39.4 (37.3-41.4)
Pre-HP 3109 596 22.8 (20.9-24.8) 1393 26.0 (24.4-27.6) 1120 27.3 (25.6-29.1)

Hypertension 3367 477 15.0 (13.5-16.7) 1347 19.8 (18.5-21.2) 1543 33.3 (31.4-35.4)
Obesity h          Normal 8268 1907 68.0 (65.9-70.0) 3778 64.6 (63.1-66.1) 2583 60.1 (58.2-62.0) <0.001

Under-weight 597 178 7.0 (5.9-8.2) 283 4.9 (4.3-5.6) 136 3.2 (2.7-4.0)
Obesity 3885 667 25.0 (23.1-27.1) 1730 30.5 (29.0-32.0) 1488 36.6 (34.8-38.5)

Total energy intake per day 0.139
Over EER i 4464 974 35.7 (33.6-38.0) 1976 34.9 (33.4-36.4) 1514 37.2 (35.3-39.2)
Less EER 8286 1778 64.3 (62.0-66.4) 3815 65.1 (63.6-66.6) 2693 62.8 (60.8-64.7)

Vitamin A by EAR j <0.001
Adequate 7279 1662 61.0 (58.8-63.1) 3358 58.7 (57.0-60.3) 2259 55.8 (53.8-57.7)

Inadequate 5154 1012 36.4 (34.3-38.6) 2309 39.1 (37.4-40.7) 1833 41.7 (39.7-43.6)
Over UL k 317 78 2.6 (2.0-3.4) 124 2.3 (1.8-2.8) 115 2.6 (2.0-3.2)

Vitamin C by EAR l <0.001
Adequate 7025 1625 58.8 (56.4-61.1) 3172 55.5 (53.7-57.2) 2228 55.5 (53.5-57.5)

Inadequate 5724 1126 41.2 (38.9-43.6) 2619 44.5 (42.8-46.3) 1979 44.5 (42.5-46.5)
Over UL 1 1 0.0 (0.0-0.2)

Vitamin B1 by EAR m <0.001
Adequate 7909 1822 68.4 (66.3-70.4) 3598 65.8 (64.3-67.3) 2489 63.3 (61.5-65.0)

Inadequate 4841 930 31.6 (29.6-33.7) 2193 34.2 (32.7-35.7) 1718 36.7 (35.0-38.5)
Vitamin B1 Quartile n <0.001

Lowest Q1 3187 597 19.3 (17.7-21.0) 1443 21.6 (20.2-23.0) 1147 23.4 (21.9-25.1)
Middle-lower Q2 3188 727 25.2 (23.4-27.2) 1431 23.3 (22.0-24.6) 1030 23.1 (21.6-24.6)
Middle-upper Q3 3188 714 26.7 (24.7-28.7) 1430 25.0 (23.7-26.4) 1044 26.0 (24.4-27.7)

Highest Q4 3187 714 28.8 (26.7-31.0) 1487 30.1 (28.7-31.6) 986 27.5 (25.8-29.3)
Vitamin B2 by EAR o <0.001

Adequate 5549 1377 51.6 (49.3-53.9) 2614 47.5 (45.8-49.2) 1558 41.2 (39.2-43.3)
Inadequate 7201 1375 48.4 (46.1-50.7) 3177 52.5 (50.8-54.2) 2649 58.8 (56.7-60.8)

Vitamin B2 Quartile p <0.001
Lowest Q1 3187 547 17.1 (15.6-18.8) 1415 21.2 (19.9-22.6) 1225 24.0 (22.4-25.6)

Middle-lower Q2 3188 703 25.0 (23.1-26.9) 1421 23.0 (21.7-24.3) 1064 24.0 (22.6-25.5)
Middle-upper Q3 3188 720 26.4 (24.5-28.3) 1506 27.2 (25.8-28.7) 962 25.2 (23.6-26.7)

Highest Q4 3187 782 31.6 (29.5-33.7) 1449 28.6 (27.1-30.1) 956 26.8 (25.1-28.7)
Vitamin B3 by EAR q <0.001

Adequate 7985 1821 68.1 (65.9-70.1) 3644 65.4 (63.8-66.9) 2520 63.4 (61.6-65.2)
Inadequate 4285 825 27.2 (25.2-29.3) 1918 29.5 (28.1-31.0) 1542 32.5 (30.8-34.3)



a % (95% CI): Weighted percentage by column (95% Confidence Interval).
b P-value: obtained from Chi-Square test for categorical variables and from ANOVA-test for continuous variables.
c Mean ±SD: Mean ±Standard Deviation.
d Physical activity: walking at least 30 minutes per week.
e Diabetes: Normal FPG (fasting plasma glucose) <100mg/dl, Pre-diabetes 100≤FPG≤125mg/dl, Diabetes FPG ≥126mg/dl, 
          or on anti-diabetic medication.
f Dyslipidemia: No: Low-Density Lipoprotein Cholesterolemia (LDL-C) <160mg/dL, Triglyceride Cholesterolemia (TG-C) <200mg/dL

    High Density Lipoprotein Cholesterolemia (HDL-C) ≥40mg/dL.
             Yes: LDL-C≥ 160mg/dL, TG-C≥200mg/dL, HDL-C<40mg/dL.
g Hypertension: Normal: Systolic Blood Pressure (SBP) <120mmHg and Diastolic Blood Pressure (DBP) <80mmHg, 
              Pre-hypertension (Pre-HP): 120≤ SBP<140mmHg or 80≤ DBP <90mmHg,

           Hypertension (HP): 140mmHg ≤ SBP, or 90mmHg≤DBP, or on anti-hypertensive medication
h Obesity: Normal:18.5 kg/m2 ≤ Body Mass Index (BMI) <25kg/m2, Under-weight: BMI <18.5kg/m2, Obesity: 25kg/m2 ≤BMI.
i Estimated Energy Requirement: Male: 19-29age 2600 kcal/day, 30-49age 2400kcal/day, 50-64age 2,200kcal/day, over 65age 2,000kcal/day, Female:  

       19-29age 2,100 kcal/day, 30-49age 1,900kcal/day, 50-64age 1,800kcal/day, over 65age 1,600kcal/day.
j Vitamin A by EAR: Adequate intake: 550㎍/day ≤intake<2999㎍/day for male; Inadequate: intake <549㎍/day; over UL: intake ≥3000㎍/day.
k Over tolerable upper intake level.
l Vitamin C by EAR: Adequate intake: 75mg≤intake<1999mg/day; Inadequate: intake <75mg/day; over UL: intake ≥2000mg/day.
m Vitamin B1 by EAR: Adequate intake: 1mg /day≤ intake for male, 0.9mg/day≤ intake for female; Inadequate intake: intake<1mg/day for male,    

     <0.9mg/day for female.
n Vitamin B1 Quartile: Q1; ≤0.77 mg/day, Q2; 0.78 -1.09 mg/day, Q3; 1.10 -1.54 mg/day, Q4; ≥ 1.55 mg/day.
o Vitamin B2 by EAR: Adequate intake: 1.30mg/day≤ intake for male, 1.00mg/day≤ intake for female; Inadequate intake: intake<1.30 mg/day for    

 male, intake<1.00 mg/day for female
p Vitamin B2 Quartile: Q1; ≤0.68 mg/day, Q2; 0.69 -1.01 mg/day, Q3; 1.02 -1.46 mg/day, Q4; ≥ 1.47 mg/day.
q Vitamin B3 by EAR: Adequate intake: 12mg≤intake<35mg/day for male, 11mg≤intake<35mg/day for female; Inadequate: intake <12mg/day for     

  male, <11mg/day for female; Over UL: intake ≥ 35 mg/day.
r Vitamin B3 Quartile: Q1; ≤10.05 mg/day, Q2; 10.06 -14.07 mg/day, Q3;14.08-19.72 mg/day, Q4; ≥ 19.73 mg/day.

Over UL  480 106 4.7 (3.9-5.8) 229 5.1 (4.4-5.9) 145 4.1 (3.3-5.0)
Vitamin B3 Quartile r 0.02

Lowest Q1 3187 631 20.2 (18.5-21.9) 1439 21.2 (19.9-22.6) 1117 22.6 (21.1-24.2)
Middle-lower Q2 3188 703 24.0 (22.2-26.0) 1431 23.2 (21.9-24.5) 1054 23.0 (21.4-24.6)
Middle-upper Q3 3188 686 25.0 (23.2-26.9) 1471 26.2 (24.8-27.5) 1031 26.1 (24.6-27.7)

Highest Q4 3187 732 30.8 (28.5-33.2) 1450 29.4 (28.0-30.9) 1005 28.3 (26.5-30.2)
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Table 2. Adjusted associations of dietary vitamin B1, B2, B3 intake (by EAR) with gingivitis (CPI 1-2) by  multi-variable 
logistic regression analysis (N=8543)

Variables Category N
Crude odds ratios 

(95%CI)
Adjusted odds ratios a (95%CI)

Vitamin B1 Vitamin B2 Vitamin B3

Vitamin B1 Adequate 5420 1 1
Inadequate 3123 1.13 (1.01-1.26) 1.12 (0.99-1.27)

Vitamin B2 Adequate 3991 1 1
Inadequate 4552 1.18 (1.06-1.32) 1.08 (0.95-1.22)

Vitamin B3 Adequate 5465 1 1
Inadequate 2743 1.13 (1.00-1.28) 1.12 (0.98-1.29)
Over UL b 335 1.12 (0.86-1.46) 1.02 (0.77-1.36)

Vitamin A Adequate 5020 1 1 1 1
Inadequate 3321 1.12 (0.99-1.25) 1.02 (0.90-1.16) 1.02 (0.90-1.17) 1.03 (0.91-1.17)
Over UL 202 0.90 (0.63-1.27) 0.89 (0.63-1.28) 0.91 (0.64-1.29) 0.90 (0.63-1.27)

Vitamin C Adequate 4797 1 1 1 1
Inadequate 3745 1.14 (1.02-1.28) 1.11 (0.97-1.26) 1.13 (0.99-1.28) 1.12 (0.98-1.27)
Over UL 1

Age (continuous) 8543 1.01 (1.01-1.01) 1.00 (0.99-1.01) 1.00 (0.99-1.01) 1.00 (0.99-1.01)
Sex Male 3303 1 1 1 1

Female 5240 0.66 (0.59-0.74) 0.75 (0.64-0.88) 0.76 (0.65-0.89) 0.75 (0.64-0.88)
Monthly household income

Low 1121 1 1 1 1
Middle-low 1957 0.91 (0.72-1.15) 0.99 (0.79-1.27) 0.99 (0.78-1.26) 0.99 (0.79-1.27)
Middle-high 2538 0.83 (0.67-1.03) 0.96 (0.76-1.20) 0.96 (0.76-1.20) 0.96 (0.77-1.20)
High 2927 0.72 (0.57-0.90) 0.84 (0.66-1.07) 0.84 (0.66-1.07) 0.85 (0.66-1.08)

Tooth brushing frequency (daily)
Once or no 819 1 1 1 1
Twice 3364 0.81 (0.64-1.01) 0.92 (0.73-1.16) 0.92 (0.73-1.16) 0.92 (0.73-1.16)

Three times or more 4360 0.59 (0.47-0.75) 0.74 (0.58-0.93) 0.74 (0.58-0.93) 0.74 (0.58-0.94)
Physical activity (walking)

No 979 1 1 1 1
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Reference: healthy (CPI 0).
Bold denotes statistical significance at p<0.05.
a Adjusted for nutrition factors (vitamin A, C), socio-demographic factors (age, sex, and household income), oral 

health-related behavior (tooth brushing), general health-related behaviors (physical activity, alcohol drinking, cigarette 
smoking) and systemic condition factors (diabetes, hypercholesterolemia, hypertension, and obesity).

b Over tolerable upper intake level.

1-4 /week 3122 0.86 (0.71-1.03) 0.93 (0.77-1.12) 0.92 (0.76-1.12) 0.93 (0.77-1.12)
5-7 /week 4442 0.83 (0.69-0.99) 0.88 (0.73-1.06) 0.88 (0.73-1.06) 0.88 (0.73-1.06)

Alcohol drinking (past one year)
0-1 /Month 4480 1 1 1 1
2-4 /Month 2293 0.99 (0.87-1.12) 0.93 (0.82-1.06) 0.93 (0.82-1.06) 0.94 (0.82-1.07)
2-3/Week 1275 1.16 (0.98-1.37) 0.97 (0.81-1.17) 0.97 (0.81-1.17) 0.98 (0.81-1.17)
Over 4/Week 495 1.95 (1.47-2.60) 1.40 (1.04-1.88) 1.40 (1.04-1.88) 1.40 (1.04-1.88)

Cigarette smoking
Non-smoker 5310 1 1 1 1

 Former smoker 270 1.01 (0.74-1.36) 0.95 (0.70-1.28) 0.95 (0.70-1.29) 0.94 (0.70-1.28)
        Current smoker 2963 1.47 (1.30-1.65) 1.12 (0.96-1.31) 1.12 (0.96-1.31) 1.12 (0.96-1.31)

Diabetes Normal 6707 1 1 1 1
Pre-diabetes 1323 1.27 (1.08-1.49) 1.08 (0.91-1.28) 1.08 (0.91-1.28) 1.08 (0.91-1.28)
Diabetes 513 1.66 (1.29-2.12) 1.28 (0.97-1.69) 1.28 (0.97-1.69) 1.27 (0.96-1.69)

Hypercholesterolemia
No 7772 1 1 1 1
Yes 771 1.22 (0.98-1.53) 1.05 (0.83-1.33) 1.05 (0.83-1.33) 1/05 (0.76-1.33)

Hypertension
Normal 4730 1 1 1 1
Pre-HP 1989 1.31 (1.14-1.50) 1.12 (0.96-1.30) 1.12 (0.96-1.30) 1.12 (0.96-1.30)
HP 1824 1.51 (1.30-1.76) 1.12 (0.94-1.35) 1.12 (0.94-1.34) 1.12 (0.93-1.34)

Obesity Normal 5685 1 1 1 1
Under-weight 461 0.74 (0.59-0.93) 0.83 (0.66-1.05) 0.84 (0.66-1.06) 0.83 (0.66-1.05)

Obesity 2397 1.28 (1.13-1.45) 1.09 (0.96-1.25) 1.09 (0.96-1.25) 1.09 (0.96-1.25)
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Table 3. Adjusted associations of dietary vitamin B1, vitamin B2, and vitamin B3 intake (by EAR) with periodontitis 
(CPI 3-4) by multi-variable logistic regression analysis (N=6959)

Variables Category N
Crude odds 

ratios (95%CI)
Adjusted odds ratios a  (95% CI)

Vitamin B1 Vitamin B2 Vitamin B3

Vitamin B1 Adequate 4311 1 1
Inadequate 2648 1.26 (1.12-1.42) 1.13 (0.98-1.32)

Vitamin B2 Adequate 2935 1 1
Inadequate 4024 1.52 (1.34-1.72) 1.11 (0.95-1.29)

Vitamin B3 Adequate 4341 1 1
Inadequate 2367 1.28 (1.13-1.45) 1.25 (1.07-1.46)
Over UL b 251 0.92 (0.68-1.25) 0.77 (0.54-1.10)

Vitamin A Adequate 3921 1 1 1 1
Inadequate 2845 1.25 (1.12-1.40) 1.09 (0.95-1.25) 1.08 (0.93-1.25) 1.07 (0.93-1.23)
Over UL 193 1.06 (0.76-1.49) 1.07 (0.74-1.56) 1.09 (0.75-1.58) 1.11 (0.76-1.61)

Vitamin C Adequate 3853 1 1 1 1
Inadequate 3105 1.14 (1.01-1.29) 1.17 (1.01-1.35) 1.19 (1.03-1.37) 1.15 (0.99-1.33)
Over UL 1

Age (continuous) 6959 1.08 (1.07-1.08) 1.07 (1.06-1.08) 1.07 (1.06-1.07) 1.07 (1.06-1.07)

Sex Male 3283 1 1 1 1
Female 3676 0.40 (0.35-0.45) 0.62 (0.51-0.76) 0.64 (0.52-0.78) 0.61 (0.50-0.74)

Monthly household income
Low 1264 1 1 1 1

Middle-low 1674 0.68 (0.54-0.85) 1.18 (0.92-1.51) 1.18 (0.92-1.51) 1.18 (0.92-1.51)
Middle-high 1955 0.54 (0.43-0.67) 1.07 (0.83-1.38) 1.07 (0.83-1.38) 1.09 (0.85-1.40)

High 2066 0.38 (0.30-0.48) 0.76 (0.59-0.99) 0.76 (0.59-0.99) 0.77 (0.60-1.00)
Tooth brushing frequency (daily)

Once or no 863 1 1 1 1
Twice 2896 0.61 (0.48-0.76) 0.88 (0.69-1.13) 0.89 (0.69-1.13) 0.89 (0.69-1.13)

Three times or more 3200 0.32 (0.26-0.40) 0.67 (0.52-0.87) 0.68 (0.52-0.87) 0.68 (0.53-0.87)
Physical activity (walking)
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Reference: healthy (CPI 0).
Bold denotes statistical significance at p<0.05.
a Adjusted for nutrition factors (vitamin A, C), socio-demographic factors (age, sex, and household income), oral 

health-related behavior (tooth brushing), general health-related behaviors (physical activity, alcohol drinking, cigarette 
smoking) and systemic condition factors (diabetes, hypercholesterolemia, hypertension, and obesity).

b Over tolerable upper intake level.

No 789 1 1 1 1
1-4 /week 2462 0.80 (0.65-0.97) 0.98 (0.79-1.23) 0.98 (0.79-1.22) 0.98 (0.78-1.22)
5-7 /week 3708 0.74 (0.61-0.90) 0.89 (0.71-1.11) 0.88 (0.71-1.11) 0.88 (0.70-1.10)

Alcohol drinking (past one year)
0-1 /Month 3532 1 1 1 1
2-4 /Month 1709 0.89 (0.77-1.03) 1.02 (0.86-1.21) 1.02 (0.86-1.21) 1.03 (0.87-1.22)
2-3/Week 1093 1.41 (1.18-1.68) 1.10 (0.90-1.34) 1.10 (0.90-1.35) 1.11 (0.90-1.35)

Over 4/Week 625 4.28 (3.25-5.63) 1.90 (1.40-2.59) 1.91 (1.40-2.60) 1.92 (1.41-2.62)
Smoking       Non-smoker 3762 1 1 1 1

Former smoker 176 0.80 (0.55-1.16) 0.92 (0.62-1.37) 0.92 (0.62-1.38) 0.90 (0.60-1.35)
Current smoker 3021 2.75 (2.42-3.13) 1.62 (1.33-1.98) 1.63 (1.33-1.98) 1.63 (1.34-1.99)

Diabetes Normal 4885 1 1 1 1
Pre-diabetes 1393 2.38 (2.02-2.81) 1.14 (0.94-1.38) 1.14 (0.94-1.38) 1.14 (0.94-1.38)

Diabetes 681 4.73 (3.76-5.95) 1.65 (1.25-2.17) 1.65 (1.26-2.18) 1.63 (1.24-2.15)
Hypercholesterolemia 

No 6175 1 1 1 1
Yes 784 1.91 (1.56-2.34) 1.02 (0.82-1.27) 1.02 (0.82-1.27) 1.02 (0.62-1.27)

Hypertension
Normal 3223 1 1 1 1
Pre-HP 1716 1.89 (1.63-2.19) 1.03 (0.86-1.22) 1.03 (0.86-1.22) 1.03 (0.86-1.22)

HP 2020 3.50 (3.00-4.07) 0.94 (0.76-1.15) 0.94 (0.76-1.15) 0.94 (0.76-1.15)
Obesity Normal 4490 1 1 1 1

Under-weight 314 0.53 (0.40-0.69) 0.91 (0.66-1.25) 0.91 (0.66-1.26) 0.90 (0.66-1.25)
Obesity 2155 1.65 (1.45-1.88) 1.19 (1.01-1.39) 1.19 (1.01-1.39) 1.19 (1.02-1.40)
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Table 4. Stratified association of age and sex, dyslipidemia and total energy 
intake of dietary vitamin B3 intake with periodontitis (CPI 3-4) by 
EAR (N=6959)

Reference: healthy (CPI 0).
Results by complex samples multi-variable logistic regression analysis within each 
stratum selected cases.
Bold denotes statistical significance.
a Adjusted for nutrition factors (vitamin A, C), socio-demographic factors (age, sex, 

and household income), oral health-related behavior (tooth brushing), general 
health-related behaviors (physical activity, alcohol drinking, cigarette smoking) and 
systemic condition factors (diabetes, dyslipidemia, hypertension, and obesity) except 
for categorical stratum.

b Adequate intake: 12≤ intake<35 mg/day for male, 11≤intake <35 mg/day for 
female.

c Inadequate intake: < 12 mg/day for male, < 11mg/day for female.
d Over tolerable upper intake level: ≥ 35 mg/day.
e Estimated energy requirement: Male 19-29 age; 2600 kcal/day, 30-49 age; 2400 

kcal/day, 50-64 age; 2,200 kcal/day, over 65 age; 2,000 kcal/day; Female 19-29 
age; 2,100 kcal/day, 30-49 age; 1,900 kcal/day, 50-64 age; 1,800 kcal/day, over 65 
age; 1,600 kcal/day.

Stratum Category N Adjusted odds ratios a (95% CI) of Vit B3

Adequate b Inadequate c Over UL d

Age 19-39 2093 1 1.39 (1.05-1.85) 0.71 (0.39-1.32)
40-59 2924 1 1.59 (1.23-2.06) 0.81 (0.48-1.37)
≥ 60 1942 1 0.83 (0.59-1.17) 0.99 (0.37-2.66)

Sex Male 3283 1 1.01 (0.78-1.30) 0.76 (0.51-1.13)
Female 3676 1 1.45 (1.19-1.79) 0.62 (0.34-1.16)

Dyslipidemia 
No 6386 1 1.25 (1.07-1.48) 0.80 (0.55-1.15)
Yes 573 1 1.06 (0.60-1.88) 0.65 (0.22-1.92)

Total energy intake
           Above EERe 2488 1 1.08 (0.61-1.91) 0.78 (0.54-1.15)

 Below EER 4471 1 1.24 (1.05-1.48) 0.94 (0.28-3.19)
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Figure 1. Flow chart of the participants for this study
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Figure 2. Association between vitamin B1, B2, and B3 in quartile and 
periodontal status. 

Adjusted odds rations of A) gingivitis, B) periodontitis after adjusting for 
nutrition factors (vitamin A, C), socio-demographic factors (age, sex, and 
household income), oral health-related behavior (tooth brushing), general 
health-related behaviors (physical activity, alcohol drinking, cigarette smoking) 
and systemic condition factors (diabetes, dyslipidemia, hypertension, and 
obesity). Diamond and bar represent adjusted odds ratios and 95% confidence 
intervals. Horizontal dotted line is a null. Highest quartile (Q4) is a 
reference (odds ratio = 1). 
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-국문 초록-

한국성인에서 티아민 리보플라빈 및 나이아신

섭취의 치주염에 대한 연관성

서울대학교 대학원 

치의과학과 예방·사회치의학 전공

(지도교수: 김 현 덕)

이 정 후

1. 연구목적

적절한 비타민 B 복합체의 섭취는 건강에 필수적이다. 그러나, 

비타민 B 복합체에 속하는 티아민(Thiamine, 비타민 B1) 리보플라

빈(Riboflavin, 비타민 B2) 및 나이아신(Niacin, 비타민 B3)과 치주

질환의 연관성에 관한 연구는 아직 부족하다. 따라서, 본 연구의 

목적은 한국 성인에서 비타민 B1, B2, B3 섭취와 치주질환의 연관

성을 평가함이다.

2. 연구 대상 및 방법 

한국 국민건강영양조사 (KNHANES Ⅳ and Ⅴ, 2007-20012 

년도) 자료에서 추출한 19세 이상 성인 12,750명을 연구 대상으로 

하였다. 대표적 치주질환(periodontal disease)인 치은염(gingivitis)과 치



33

주염(periodontitis)은 결과변수(outcome variables)로 지역사회치주지수

(Community Periodontal Index) 점수 1-2 와 3-4로 각각 분류되었다. 

설명변수(explanatory variables)인 비타민 B1, B2, B3의 영양섭취 정

보는 24시간 회상법(24 hour dietary recall method)으로 평가되었다. 

비타민 B1, B2, B3의 치주질환에 대한 보정 교차비(adjusted odds 

ratio)는 다 변수 복합 로지스틱 회귀분석(Multi-variable complex 

logistic regression analysis)을 사용하여 잠재적 교란요인(various 

potential confounders)을 보정하여 평가되었다. 특히 비타민 B3의 치주

염에 대한 연관성은 연령별, 성별, 이상지질혈증 (dyslipidemia)별 및 총 

에너지 섭취량(total energy intake)별 층화분석(stratified analysis)으로 세

부 평가되었다.

3. 연구 결과

조사대상자 12,750명에서 가중치가 부여된 치은염 유병율과 치

주염 유병율은 각각 46.6%와 29.9%이었다. 교란요인을 보정한  

복합 다변수 로지스틱 회귀분석 (complex multi-variable logistic 

regression analysis)으로 분석결과, 비타민 B1, B2, B3 부족 섭취는 

치은염과 일관된 유의한 연관성을 보이지 않았고, 비타민 B1, B2 

부족 섭취도 치주염과 유의한 연관성을 보이지 않았으나, 비타민 

B3 부족 섭취는 사분위(quartile)와 평균필요량(EAR)에서 모두 치

주염과 연관성을 보였다 (adjusted odds ratio of vitamin B3 by 

EAR=1.25, 95% CI=1.07-1.46). 특히 비타민 B3 부족 섭취의 치주

염에 대한 연관성은, 여성과 40-59세 성인에서 크게 증가하였다. 
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4. 결론

비타민 B3 부족 섭취는 치주염과 유의한 연관성이 있었다.

주요 어(key words); 
티아민(Thiamine), 리보플라빈(Riboflavin) 나이아신(Niacin), 
역학(epidemiology), 치은염(gingivitis), 치주염(periodontitis)

학번; 2011-31197



35

- Appendix -

  Appendix 1. Raw data by SPSS statistics

1-1. Raw data by SPSS statistics for Table 1

Table 1 Characteristics of the participants according to 
periodontal status (N=12750)

1-1-1 Age  (by ANOVA test)
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1-1-2 Chi Square test (by complex sample analysis)

1-1-2-1 Sex
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1-1-2-2 Monthly house income
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1-1-2-3 Tooth brushing frequency
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1-1-2-4 Physical activity (walking)
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1-1-2-5 Alcohol drinking



41

1-1-2-6 Cigarette smoking status
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1-1-2-7 Diabetes
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1-1-2-8 Hypercholesterolemia
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1-1-2-9 Dyslipidemia



45

1-1-2-10 Hypertension



46

1-1-2-11 Obesity



47

1-1-2-12 Estimated energy requirement (EER)



48

1-1-2-13 Vit A by EAR



49

1-1-2-14 Vit C by EAR 



50

1-1-2-15 Vit B1 EAR



51

1-1-2-16 Vit B1 by Quartile



52

1-1-2-17 Vit B2 by EAR



53

1-1-2-18 Vit B2 by Quartile
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1-1-2-19 Vit B3 by EAR
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1-1-2-20 Vit B3 by Quartile
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 1-2. Raw data by SPSS statistics for Table 2
Table 2 Adjusted associations of dietary vitamin B1, B2, B3 
intake (by EAR) with gingivitis (CPI 1-2) by multi-variable 
logistic regression analysis (N = 8543)

1-2-1. Crude odds ratios (vitamin B1, B2, B3 by EAR)

1-2-1-1. Crude odds ratios (Gingivitis vs vit B1)
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1-2-1-2. Crude odds ratios (Gingivitis vs vit B2)

1-2-1-3. Crude odds ratios (Gingivitis vs vit B3)
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1-2-1-4. Crude odds ratios (Gingivitis vs vit A)

1-2-1-5. Crude odds ratios (Gingivitis vs vit C)

1-2-1-6. Crude odds ratios (Gingivitis vs age )



59

1-2-1-7. Crude odds ratios (Gingivitis vs sex )

1-2-1-8. Crude odds ratios (Gingivitis vs income )

1-2-1-9. Crude odds ratios (Gingivitis vs tooth brushing)
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1-2-1-10. Crude odds ratios (Gingivitis vs physical activity)

1-2-1-11. Crude odds ratios (Gingivitis vs drinking)

1-2-1-12. Crude odds ratios (Gingivitis vs smoking)

1-2-1-13. Crude odds ratios (Gingivitis vs diabetes)
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1-2-1-14.Crude odds ratios (Gingivitis vs hypercholesterolemia)

1-2-1-15. Crude odds ratios (Gingivitis vs hypertension)

1-2-1-16. Crude odds ratios (Gingivitis vs obesity)
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1-2-2. Adjusted odds ratios (Gingivitis vs vit B1, B2, B3 by EAR) 
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1-2-2-1. Adjusted odds ratios (Gingivitis vs vit B1)
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1-2-2-2. Adjusted odds ratios (Gingivitis vs vit B2)
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1-2-2-3. Adjusted odds ratios (Gingivitis vs vit B3) 
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1-3. Raw data by SPSS statistics for Table 3

Table 3 Adjusted associations of dietary vitamin B1, vitamin B2, 
and vitamin B3 intake (by EAR) with periodontitis (CPI 3-4) by 
multi-variable logistic regression analysis (N=6959)



67

1-3-1. Crude odds ratios (Periodontitis vs vit B1, B2, B3 by EAR)

1-3-1-1. Crude odds ratios (Periodontitis vs vit B1)

1-3-1-2. Crude odds ratios (Periodontitis vs vit B2)



68

1-3-1-3. Crude odds ratios (Periodontitis vs vit B3)

1-3-1-4. Crude odds ratios (Periodontitis vs vit A )
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1-3-1-5. Crude odds ratios (Periodontitis vs vit C )

1-3-1-6. Crude odds ratios (Periodontitis vs age )

1-3-1-7. Crude odds ratios (Periodontitis vs sex)



70

1-3-1-8. Crude odds ratios (Periodontitis vs monthly income)

1-3-1-9. Crude odds ratios (Periodontitis vs tooth brushing)

1-3-1-10. Crude odds ratios (Periodontitis vs physical activity)
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1-3-1-11. Crude odds ratios (Periodontitis vs drinking)

1-3-1-12. Crude odds ratios (Periodontitis vs smoking)

1-3-1-13. Crude odds ratios (Periodontitis vs diabetes)
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1-3-1-14. Crude odds ratio
         (Periodontitis vs hypercholesterolemia)

1-3-1-15. Crude odds ratios (Periodontitis vs hypertension)

1-3-1-16. Crude odds ratios (Periodontitis vs obesity)
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1-3-2. Adjusted odds ratios (Periodontitis vs vitamin B1, 
B2, B3 by EAR)
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1-3-2-1. Adjusted odds ratios (Periodontitis vs vit B1)
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1-3-2-2. Adjusted odds ratios (Periodontitis vs vit B2)
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1-3-2-3. Adjusted odds ratios (Periodontitis vs vit B3)
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1-4. Raw data by SPSS statistics for Table 4

Table 4 Stratified association of age and sex, dyslipidemia 
and total energy intake of dietary vitamin B3 intake with 
periodontitis (CPI 3-4) by EAR (N=6959)

  1-4-1. Stratification by age category

 1-4-1-1. Stratification by age 19-39 years (N=2093)
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1-4-1-2. Stratification by age 40-59 years (N=2924)
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1-4-1-3. Stratification by age over 60 years (N=1942)
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1-4-2. Stratification by sex

1-4-2-1. Stratification by males (N=3283)
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1-4-2-2. Stratification by females (N=3676)
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1-4-3. Stratification by dyslipidemia

1-4-3-1. Stratification by dyslipidemia (No) (N=6386)
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1-4-3-2. Stratification by dyslipidemia (Yes) (N=573)
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1-4-4. Stratification by total energy intake

1-4-4-1. Stratification by total energy intake (over EER) (N=2488)
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1-4-4-2. Stratification by total energy intake (below EER) (N=4471)
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1-5. Raw data by SPSS statistics for Figure 2

Figure 2. Association between vitamin B1, B2, B3 and periodontal  
         status in quartile

1-5-1. Gingivitis (adjusted odds ratios)
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1-5-1-1. Adjusted odds ratios (Gingivitis by vit B1)               
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1-5-1-2. Adjusted odds ratios (Gingivitis by vit B2)  
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1-5-1-3. Adjusted odds ratios (Gingivitis by vit B3)
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1-5-2. Periodontitis (adjusted odds ratios)
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1-5-2-1. Adjusted odds ratios (Periodontitis by vit B1)
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1-5-2-2. Adjusted odds ratios (periodontitis by vit B2)
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1-5-2-3. Adjusted odds ratios (periodontitis by vit B3) 
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Appendix 2. Strengthening the Reporting of Observational   
       studies (STROBE) in Epidemiology guideline

STROBE Statement—Check list of items that should be included in  
                    reports of cross-sectional studies 

Item  
No

Recommendation Response

Title and 
abstract

1 (a) Indicate the study’s design with a 
commonly used term in the title or the 
abstract

Yes.

 In abstract
(b) Provide in the abstract an informative 
and balanced summary of what was done 
and what was found

Yes. 

In abstract

Introduction

Background/

rationale

2 Explain the scientific background and 
rationale for the investigation being reported

Yes.

 In intro
Objectives 3 State specific objectives, including any 

pre-specified hypotheses
Yes. 

In intro
Methods

Study design 4 Present key elements of study design early 
in the paper

Yes.

 In methods
Setting 5 Describe the setting, locations, and relevant 

dates, including periods of recruitment, 
exposure, follow-up, and data collection

Yes. 

In methods
Participants 6 (a) Give the eligibility criteria, and the 

sources and methods of selection of  
participants

Yes.

In methods
Variables 7 Clearly define all outcomes, exposures, 

predictors, potential confounders, and effect 
modifiers. Give diagnostic criteria, if 
applicable

Yes.

In methods

Data sources/ 
measurement

8  For each variable of interest, give sources 
of data and details of methods of assessment 
(measurement). Describe comparability of 
assessment methods if there is more than 
one group

Yes. 

In methods
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Study size 10 Explain how the study size was arrived at Yes, 

In methods

Quantitative 

variables

11 Explain how quantitative variables were handled 
in the analyses. If applicable, describe which 
groupings were chosen and why

Yes. 

In methods

Statististical

methods

12 (a) Describe all statistical methods, including 
those used to control for confounding

Yes. 

In methods

(b) Describe any methods used to examine 
subgroups and interactions

Yes.
Stratified
analyses 

(c) Explain how missing data were addressed Yes, 

In methods
(d) If applicable, describe analytical methods 
taking account of sampling strategy

Complex 
sample 
analysis

(e) Describe any sensitivity analyses Yes. Vitamin 
B in quartile 
and EAR 

Results

Participants 13 (a) Report numbers of individuals at each 
stage of study—e.g. numbers potentially 
eligible, examined for eligibility, confirmed 
eligible, included in the study, completing 
follow-up, and analysed

Yes. 

In methods,

(b) Give reasons for non-participation at 
each stage

Yes. 

In methods,

(c) Consider use of a flow diagram
Yes. Fig 1

Descriptive 

data

14 (a) Give characteristics of study participants (e.g. 
demographic, clinical, social) and information on 
exposures and potential confounders

Yes. 

In results 
(b) Indicate number of participants with 
missing data for each variable of interest

Yes, 

In methods
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confounder-adjusted estimates and their precision 
(e.g. 95% confidence interval). Make clear 
which confounders were adjusted for and why 
they were included

In Results

(b) Report category boundaries when 
continuous variables were categorized

Yes. 

In methods,
(c) If relevant, consider translating estimates of 
relative risk into absolute risk for a meaningful 
time period

yes, In

discussion 

Other

analyses

17 Report other analyses done—(e.g.) analyses of 
subgroups and interactions, and sensitivity 
analyses

Yes, 
sensitivity 
and 
stratified 
analysis 

Discussion

Key results 18 Summarise key results with reference to 
study objectives

Yes. In 
discussion

Limitations 19 Discuss limitations of the study, taking into 
account sources of potential bias or 
imprecision. Discuss both direction and 
magnitude of any potential bias

yes, In 
discussion

Interpretation 20 Give a cautious overall interpretation of 
results considering objectives, limitations, 
multiplicity of analyses, results from similar 
studies, and other relevant evidence

Yes. In 
discussion

Generalisability 21 Discuss the generalisability (external validity) 
of the study results

Yes. In 
discussion

Other information

Funding 22 Give the source of funding and the role of 
the funders for the present study and, if 
applicable, for the original study on which 
the present article is based

Yes. 
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