
ABSTRACT

Purpose: Vitamin D deficiency may cause bone loss and increased inflammation, which 
are well-known symptoms of periodontal disease. This study investigated whether serum 
25-hydroxyvitamin D (25(OH)D) levels are associated with periodontal disease status and 
tooth loss.
Methods: Cross-sectional data from 5,405 individuals aged ≥50 years (2,253 males and 3,152 
females) were obtained from the 2008–2010 Dong-gu study, a prospective cohort study of risk 
factors for chronic diseases. Periodontal examinations were conducted to evaluate the number 
of remaining teeth, the periodontal probing depth (PPD), the clinical attachment level (CAL), 
and bleeding on probing. The percentages of sites with PPD ≥4 mm and CAL ≥4 mm were 
recorded for each participant. The severity of periodontitis was classified using the Centers for 
Disease Control and Prevention and the American Academy of Periodontology case definitions. 
Serum 25(OH)D levels were classified as reflecting severe deficiency, deficiency, insufficiency, 
or sufficiency. Multivariate linear regression analysis was performed to assess the associations 
of serum 25(OH)D levels with periodontal parameters and the number of remaining teeth after 
adjusting for confounders including age, smoking status, alcohol consumption status, month 
of blood collection, and physical activity. Multivariate logistic regression was used to evaluate 
the association between serum vitamin D levels and severe periodontitis. An overall statistical 
analysis and a stratified analysis by sex were performed.
Results: Overall, the rates of severe deficiency, deficiency, insufficiency, and sufficiency were 
6.5%, 67.9%, 22.4%, and 3.2%, respectively. After adjustment for confounders, vitamin D 
levels were directly associated with the number of remaining teeth, an association that was 
significant in males, but not in females. Sufficient serum 25(OH)D was associated with a low 
frequency of severe periodontitis.
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Conclusions: This population-based cross-sectional study indicates that low serum 25(OH)
D is significantly associated with tooth loss and severe periodontitis in Koreans aged 50 years 
and older.
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INTRODUCTION

Oral health is a key component of whole-body health that affects quality of life. Poor oral 
health reduces quality of life by restricting the diet, changing the facial appearance, and 
impairing communication [1]. Periodontal disease contributes to the deterioration of oral 
health in elderly people. The morbidity and severity of periodontal diseases tend to become 
exacerbated as an individual ages [2]. Periodontal disease is the primary cause of tooth loss in 
older individuals [3-5]. A long-term study on tooth loss in those over 65 years old has revealed 
that tooth loss continues to occur late in life and that a greater level of attachment loss is 
definitively associated with tooth loss [6].

Several factors contribute to the development of periodontal diseases, which are induced 
by bacterial infection and characterized by inflammatory and immune reactions. Vitamin D 
plays an important role in the maintenance of calcium and bone homeostasis, as well as in 
immune function. It also has anti-inflammatory properties [7,8]. These facts suggest that 
vitamin D could be associated with periodontal disease. Many studies have been conducted on 
the relationships between serum 25-hydroxyvitamin D (25(OH)D) levels, periodontal disease, 
and tooth loss [9-19]. The results from a study carried out by Dietrich et al. [16] with an overall 
sample of adults at least 20 years old suggest that, among participants over 50 years old, serum 
25(OH)D concentration is significantly associated with attachment loss. In another study 
by Dietrich et al. [17] with participants aged 13 to 90 years, the ratio of bleeding on probing 
(BOP) sites of the participants in the highest 25(OH)D quintile was 20% less than that of the 
participants in the lowest 25(OH)D quintile. Thus, optimal ranges of serum vitamin D may 
reduce susceptibility to gingival inflammation [17]. In contrast, Krall et al. [18] reported that 
the usage of calcium and vitamin D supplements was not associated with attachment loss. 
Since conflicting results have been produced regarding the correlations between vitamin D 
levels, periodontal disease, and periodontal status, the associations among these variables are 
still a subject of debate. Limited research has been conducted on the relationships of vitamin 
D levels with severe periodontitis and tooth loss in Koreans. Thus, the purpose of this study 
was to scrutinize the effect of serum concentrations of 25(OH)D on periodontal status, severe 
periodontitis, and tooth loss in community-dwelling adults aged ≥50 years residing in the 
district of Dong-gu in the metropolitan city of Gwangju, Korea.

MATERIALS AND METHODS

Study population
This study was performed based on data from the Dong-gu study, a prospective study 
designed to analyze the prevalence, incidence, and predictors of chronic diseases among 
the population of an urban area in the city of Gwangju, Korea. The Dong-gu study was 
performed at the Dong-gu Public Health Center between 2007 and 2010. In total, the Dong-
gu study included 9,260 participants (3,711 males and 5,549 females), all of whom were at 
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least 50 years old, were eligible residents of the area, and agreed to take part in the study 
[20]. The present study analyzed 5,621 participants from the Dong-gu study who underwent 
oral examinations between 2008 and 2010. Participants who lacked an assessment of 
serum vitamin D levels or who had insufficient records of periodontal estimates and other 
test results were excluded. The final analysis included 5,405 individuals (2,253 males and 
3,152 females; Figure 1). All participants in this study were fully informed and consented to 
participate. This study was approved by the Institutional Review Board (IRB) of Chonnam 
National University Hospital (IRB No: I-2008-05-056).

Questionnaire and body measurements
Trained interviewers obtained information on sociodemographics (age, sex, and education 
level), medical history, and lifestyle habits using a standardized questionnaire. Education 
level was divided into middle school or less and high school or more. Participants were 
classified as current smokers or non-smokers according to their reported smoking status, 
and they were classified into current drinkers or non-drinkers according to their reported 
alcohol consumption. Physical activity during leisure time in the past week was rated on a 
5-point scale, and based on this rating, participants were classified into a regular exercise 
group (reported as “often” or “always”) and a non-exercise group (reported as “never,” 
“occasionally,” or “sometimes”). Height and weight were measured over light clothing with 
participants standing with bare feet. Body mass index (BMI) was also assessed and was 
calculated as weight in kilograms divided by the square of height in meters. The usage of 
medication to treat hypertension and diabetes was self-reported.

Medical assessment: measurement of serum 25(OH)D concentrations
Blood samples from all participants were obtained from the antecubital vein after 10 hours 
of fasting overnight. The serum was separated from the blood as soon as it was obtained 
and was cryopreserved at −70°C until analysis. The concentration of serum 25(OH)D was 
measured by a chemiluminescent microparticle immunoassay, and the minimum observable 
concentration of serum 25(OH)D was 3.0 ng/mL (ARCHTECT i2000, Abbott Laboratories, 
Chicago, IL, USA). As serum 25(OH)D levels vary throughout the year, the time of year 
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Residents aged 50–94 years in Don-gu area
of Gwangju, metropolitan city, Korea

Enrolled total 9,260 participants (3,711 males,
5,549 females) in 2007–2010

5,621 participants received oral examination
in 7,577 (2008–2010)

Excluded insufficient data 216

Final study sample
5,405 (2,253 males, 3,152 females)

• Without assessments of serum 25(OH)D level
• Insufficient records of periodontal estimates,

remaining teeth number
• Severely low glomerular filtration rate

via renal function test

The Dong-gu study

Figure 1. Flowchart of the final study sample. 
25(OH)D: 25-hydroxyvitamin D.
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of blood collection was also recorded. Serum vitamin D levels were classified as severe 
deficiency (<10.0 ng/mL), deficiency (10.0–19.9 ng/mL), insufficiency (20.0–29.9 ng/mL), or 
sufficiency (≥30.0 ng/mL). This classification was based on previous studies [21,22].

Periodontal assessment
Periodontal assessments were conducted by 3 expert examiners. For all participants, half 
of the oral cavity was randomly selected, and each quadrant of the maxilla and mandible 
was evaluated. Periodontal assessments included the number of remaining teeth, the 
periodontal probing depth (PPD), the length from the cemento-enamel junction (CEJ) to the 
gingival margin, and BOP. PPD was examined using a Williams probe (Hu-Friedy, Chicago, 
IL, USA) at 6 different sites of all teeth except the third molars, and the measured value was 
rounded to the nearest millimeter. The clinical attachment level (CAL) was calculated by 
measuring the difference between the CEJ and the PPD. The following parameters were also 
recorded: the percentage of sites with PPD ≥4 mm (PPD 4%), the percentage of sites with 
CAL ≥4 mm (CAL 4%), and the percentage of sites exhibiting BOP (BOP%). The severity of 
periodontitis was defined based on the Centers for Diseases Control and Prevention and 
the American Academy of Periodontology case definitions [23]. Severe periodontitis was 
defined as the presence at least 2 teeth with CAL ≥6 mm and at least 1 tooth with PPD ≥5 mm 
in interproximal sites. In addition, the total number of teeth including the third molars in the 
oral cavity was evaluated through clinical examinations and radiography at the time of the 
periodontal assessment.

Statistical analysis
General characteristics of the participants were presented according to sex and serum 
25(OH)D status. These general characteristics were expressed as mean±standard deviation or 
as percentages. Differences between groups were compared using the t-test and analysis of 
variance for continuous variables, while the chi-square test was used for categorical variables. 
Multivariable linear regression analysis was performed to assess the relationships between 
serum vitamin D level and periodontal parameters including number of remaining teeth, 
BOP%, PPD 4%, and CAL 4%. Sex, age, blood collection time, BMI, smoking status, alcohol 
consumption status, physical activity, and the usage of medication for hypertension and 
diabetes were selected as confounding variables and adjusted for in the analysis. Multivariate 
logistic regression was performed to evaluate the association between serum vitamin D 
level and severe periodontitis. Statistical analysis was performed, and stratification analysis 
according to sex was presented. P values less than 0.05 were considered to indicate statistical 
significance. All statistical analyses were performed using SPSS version 21.0 (IBM Corp., 
Armonk, NY, USA).

RESULTS

The demographic characteristics of the study participants are shown in Table 1. The average 
age of the participants was 64.9±8.1 years old, and 58.3% of them were females. On average, 
the males were older than the females (66.1 years vs. 64.1 years, respectively). The mean serum 
25(OH)D level was higher for males than females (19.4 ng/mL vs. 15.3 ng/mL, respectively). 
Males were more likely than females to smoke cigarettes, drink alcohol, exercise regularly, and 
use antidiabetic medication. Males had significantly higher levels of PPD 4%, CAL 4%, and 
severe periodontitis than females, but no significant difference was observed in the number of 
remaining teeth and BOP%.
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The characteristics of the study participants according to serum 25(OH)D levels are shown 
in Table 2. Females had a higher frequency of vitamin D deficiency than males. In males, 
participants with severe deficiency were relatively more likely to be older, to be highly 
educated, to have a lower BMI, and to smoke cigarettes and relatively less likely to drink 
alcohol and to exercise regularly. Among females, participants with severe deficiency were 
relatively more likely to be older, to smoke cigarettes, and use hypertension medication and 
relatively less likely to be highly educated, to drink alcohol, and to exercise regularly.

To evaluate the relationship between serum 25(OH)D level and periodontal disease status, 
multivariable linear regression analysis was performed (Table 3). After adjusting for sex, 
age, blood collection time, BMI, smoking, alcohol consumption, regular exercise, usage of 
antihypertensive medication, and usage of antidiabetic medication, an increasing serum 
25(OH)D category was associated with an increased number of remaining teeth among 
all participants. On average, participants in the sufficient group had 0.9 more remaining 
teeth than those in the severely deficient group. In an analysis stratified according to sex, an 
increasing serum 25(OH)D category was significantly associated with an increased number of 
remaining teeth in males, but not in females. Compared to the severely deficient group, the 
sufficient group had an average of 2.1 additional remaining teeth in males and 0.6 in females. 
However, the serum 25(OH)D level was not associated with other periodontal parameters 
such as PPD 4%, CAL 4%, or BOP%. Table 4 shows the association between serum vitamin 
D levels and severe periodontitis. High vitamin D levels were associated with a low frequency 
of severe periodontitis. Compared to the group of individuals with vitamin D deficiency, 
the odds ratios (ORs) for those with severe deficiency, insufficiency, and sufficiency were 
1.22 (95% confidence interval [CI], 0.92–1.61), 0.96 (95% CI, 0.82–1.13), and 0.81 (95% CI, 
0.55–1.17), respectively. However, in males, the ORs were the highest among the participants 
with vitamin D deficiency. Compared to the group of participants with vitamin D deficiency, 
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Table 1. Demographic characteristics of study participants
Characteristics Total Male Female P value
No. 5,405 2,253 3,152
25(OH)D (ng/mL) 17.0±5.8 19.4±6.0 15.3±5.1 <0.001
Age (yr) 64.9±8.1 66.1±7.9 64.1±8.1 <0.001
Education (middle school or less) 2,031 (37.6) 1,224 (54.3) 807 (25.6) <0.001
Body mass index (kg/m2) 24.3±2.9 23.9±2.7 24.6±2.9 <0.001
Current smoking status 594 (11.0) 541 (24.0) 53 (1.7) <0.001
Alcohol consumption status 2,541 (47.0) 1,525 (67.7) 1,016 (32.2) <0.001
Regular exercise 1,915 (35.4) 923 (41.0) 992 (31.5) <0.001
Antihypertensive medication 1,937 (35.8) 799 (35.5) 1,138 (36.1) 0.628
Antidiabetic medication 702 (13.0) 338 (15.0) 364 (11.5) <0.001
Month of blood collection 0.282

April 1,157 (21.4) 505 (22.4) 652 (20.7)
May 1,899 (35.1) 783 (34.8) 1,116 (35.4)
June 1,714 (31.7) 717 (31.8) 997 (31.6)
July 635 (11.7) 248 (11.0) 387 (12.3)

No. of remaining teeth 22.2±8.0 22.4±7.9 22.0±8.2 0.167
PPD 4% 7.6±11.8 9.4±13.7 6.2±10.1 <0.001
CAL 4% 22.9±19.5 29.2±21.6 18.4±16.3 <0.001
BOP% 10.8±14.4 10.8±15.1 10.8±13.9 0.987
Severe periodontitisa) 1,289 (25.1) 772 (36.1) 517 (17.3) <0.001
Data are presented as mean±standard deviation or number (%). P values were obtained using analysis of variance for continuous variables and the χ2 test for 
categorical variables.
25(OH)D: 25-hydroxyvitamin D, PPD 4%: the percentage of sites with probing depth ≥4 mm, CAL 4%: the percentage of sites with clinical attachment loss ≥4 mm, 
BOP%: the percentage of sites which bled after probing.
a)The severity of periodontitis was defined based on Centers for Disease Control/American Academy of Periodontology criteria. Fifty-one participants were not 
classified because of insufficient records.
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Table 3. Associations of vitamin D levels with number of remaining teeth and periodontal parameters
Classification of serum vitamin D level (ng/mL) Severe deficiency Deficiency Insufficiency Sufficiency P for trend
Total

No. of teeth 21.7±0.39 22.1±0.12 22.7±0.21 22.6±0.55 0.005
PPD 4%a) 7.5±0.7 7.6±0.2 7.4±0.3 6.5±0.9 0.360
CAL 4%a) 23.1±1.1 22.8±0.3 23.1±0.6 21.5±1.5 0.761
BOP%a) 9.8±0.8 10.8±0.2 10.9±0.4 11.8±1.1 0.220

Male
No. of teeth 20.3±1.1 21.9±0.2 22.4±0.3 22.4±0.7 0.046
PPD 4%a) 8.8±2.0 9.7±0.4 9.4±0.5 7.5±1.2 0.247
CAL 4%a) 35.3±3.2 29.0±0.6 29.5±0.8 26.6±2.0 0.309
BOP%a) 11.9±2.2 10.7±0.4 10.9±0.5 11.3±1.4 0.820

Female
No. of teeth 22.1±0.4 22.3±0.1 23.0±0.3 22.7±1.0 0.068
PPD 4%a) 6.2±0.6 6.3±0.2 5.9±0.5 7.0±1.5 0.824
CAL 4%a) 17.7±1.0 18.4±0.3 18.4±0.8 19.7±2.4 0.510
BOP%a) 9.4±0.81 10.9±0.3 10.8±0.7 12.8±1.95 0.150

Values are presented as adjusted mean±standard error of the mean. Values were estimated via linear regression analysis and adjusted for age, sex, month of 
blood collection, body mass index, smoking, alcohol consumption, regular exercise, antihypertensive medication, and antidiabetic medication.
PPD 4%: the percentage of sites with probing depth ≥4 mm, CAL 4%: the percentage of sites with clinical attachment loss ≥4 mm, BOP%: the percentage of sites 
which bled after probing.
a)A total of 228 edentulous participants were excluded from the analysis.

Table 4. Odds ratios and 95% confidence intervals for severe periodontitis
Classification of serum vitamin D level (ng/mL) Severe deficiency Deficiency Insufficiency Sufficiency
Total 1.22 (0.92–1.61) 1 (reference) 0.96 (0.82–1.13) 0.81 (0.55–1.17)
Male 0.87 (0.46–1.61) 1 (reference) 0.90 (0.74–1.10) 0.77 (0.50–1.16)
Female 1.29 (0.93–1.76) 1 (reference) 1.04 (0.77–1.37) 0.77 (0.29–1.71)
All models were adjusted for age, sex, month of blood collection, body mass index, smoking status, alcohol consumption status, regular exercise, 
antihypertensive medication, and antidiabetic medication.
In total, 228 edentulous participants and 51 participants without sufficient records were excluded from the analysis.

Table 2. Characteristics of study participants according to vitamin D status and sex
Characteristics Male Female

Severe 
deficiency

Deficiency Insufficiency Sufficiency P value Severe 
deficiency

Deficiency Insufficiency Sufficiency P value

No. 51 (2.3) 1,280 (56.8) 799 (35.5) 123 (5.5) 299 (9.5) 2,392 (75.9) 413 (13.1) 48 (1.5)
25(OH)D (ng/mL) 8.8±0.8 15.8±2.6 23.6±2.7 34.3±4.7 <0.001 8.5±1.1 14.3±2.6 23.5±2.7 34.6±3.8 <0.001
Age (yr) 68.3±10.0 66.5±7.9 65.2±7.6 66.7±8.5 0.002 66.1±8.6 63.8±8.0 64.0±8.0 65.1±7.9 <0.001
Education  
(middle school or less)

18 (35.3) 577 (45.1) 362 (45.3) 72 (58.5) 0.014 244 (81.6) 1,776 (74.2) 300 (72.6) 25 (52.1) <0.001

Body mass index (kg/m2) 22.3±2.9 23.9±2.8 24.0±2.6 23.3±2.4 <0.001 24.4±2.9 24.6±3.0 24.5±2.7 24.0±2.8 0.216
Current smoking status 21 (41.2) 328 (25.6) 169 (21.2) 23 (18.7) 0.001 13 (4.3) 35 (1.5) 5 (1.2) 0 (0.0) 0.002
Alcohol consumption status 28 (54.9) 822 (64.2) 588 (73.6) 87 (70.7) <0.001 64 (21.4) 795 (33.2) 145 (35.1) 12 (25.0) <0.001
Regular exercise 13 (25.5) 536 (41.9) 324 (40.6) 50 (40.7) 0.136 82 (27.4) 752 (31.4) 133 (32.2) 25 (52.1) 0.008
Antihypertensive medication 15 (29.4) 464 (36.2) 279 (34.9) 41 (33.3) 0.680 122 (40.8) 868 (36.3) 128 (31.0) 20 (41.7) 0.042
Antidiabetic medication 11 (21.6) 203 (15.9) 111 (13.9) 13 (10.6) 0.163 39 (13.0) 287 (12.0) 36 (8.7) 2 (4.2) 0.074
Month of blood collection <0.001 <0.001

April 24 (47.1) 348 (27.2) 116 (14.5) 17 (13.8) 131 (43.8) 459 (19.2) 52 (12.6) 10 (20.8)
May 15 (29.4) 486 (38.0) 257 (32.2) 25 (20.3) 120 (40.1) 862 (36.0) 122 (29.5) 12 (25.0)
June 11 (21.6) 343 (38.0) 298 (37.3) 65 (52.8) 37 (12.4) 776 (32.4) 164 (39.7) 20 (41.7)
July 1 (2.0) 103 (8.0) 128 (16.0) 16 (13.0) 11 (3.7) 295 (12.3) 75 (18.2) 6 (12.5)

No. of remaining teeth 18.5±9.5 21.6±8.5 22.9±7.5 22.1±8.6 <0.001 21.1±8.8 22.4±7.8 23.0±7.3 22.8±7.3 0.022
PPD 4% 8.2±16.1 9.3±13.5 9.8±13.9 8.1±13.1 0.579 5.5±10.7 6.3±10.1 6.4±9.8 6.7±9.5 0.645
CAL 4% 36.4±25.9 29.2±21.9 29.1±21.1 26.7±19.6 0.146 18.3±17 18.4±16.4 18.3±16.0 19.5±14.1 0.956
BOP% 10.1±17.2 10.2±14.7 11.6±15.4 12.5±16.5 0.152 8.0±11.2 11.0±13.9 11.8±15.2 12.1±15.3 <0.001
Severe periodontitisa) 17 (37.0) 450 (37.2) 269 (35.1) 36 (31.3) 0.544 60 (21.7) 382 (16.8) 69 (17.4) 6 (13.3) 0.207
Data are presented as mean±standard deviation or number (%).
P values were obtained using analysis of variance for continuous variables and the chi-square test for categorical variables.
25(OH)D: 25-hydroxyvitamin D, PPD 4%: the percentage of sites with probing depth ≥4 mm, CAL 4%: the percentage of sites with clinical attachment loss ≥4 mm, 
BOP%: the percentage of sites which bled after probing.
a)The severity of periodontitis was defined based on Centers for Disease Control/American Academy of Periodontology criteria. Fifty-one participants were not 
classified because of insufficient records.
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the ORs of those with severe deficiency, insufficiency, and sufficiency were 0.87 (95% CI, 
0.46–1.61), 0.90 (95% CI, 0.74–1.10), and 0.77 (95% CI, 0.50–1.16), respectively.

DISCUSSION

In this study, we assessed the correlation between serum 25(OH)D levels and periodontal 
status, the prevalence of severe periodontitis, and tooth loss in a large sample of community-
dwelling Koreans over 50 years old. We found that after adjusting for confounders, lower serum 
25(OH)D levels were associated with a decreased number of remaining teeth (a relationship that 
was statistically significant in males) and with a high frequency of severe periodontitis.

This study was performed based on data from the Dong-gu study, which investigated 
the population of a Korean urban area (Dong-gu, Gwangju, Korea). The participants 
were residents of the regional community, and many individuals enrolled in the study. 
The examined sites of the periodontium were half of the dental arch and 6 sites on each 
tooth, which were relatively more specific than the sites investigated in other community 
periodontal investigations. However, this study had some limitations. One such limitation 
is that tooth loss is caused both by periodontal diseases and by other factors, such as caries, 
trauma, and fracture. Therefore, the number of remaining teeth does not solely reflect 
periodontal conditions. Further inspection of the time and cause of tooth loss would have 
helped to elucidate any causal relationship between periodontal status and tooth loss. Since 
this study only included those who agreed to participate in the study, participants' health and 
periodontal conditions may show a positive bias compared to the overall population.

Vitamin D consists of a group of fat-soluble prohormones (vitamin D2 and D3), which 
are obtained from dietary intake and supplements. Ultraviolet B radiation causes 
7-dehydrocholesterol to be converted to vitamin D3 in the skin [24]. Vitamin D is well known 
for its role in calcium homeostasis and bone metabolism. Vitamin D increases the levels of 
calcium and phosphate in blood by stimulating intestinal absorption, bone resorption, and 
renal reabsorption [25]. It helps provide optimal conditions for bone mineralization and is 
important for the development and maintenance of the mineralized skeleton [26]. Vitamin 
D also activates phagocytosis involving monocytes and enhances monocyte differentiation 
[27]. Moreover, vitamin D has anti-inflammatory properties, as it inhibits the secretion 
of proinflammatory cytokines including interferon-gamma, tumor necrosis factor-alpha, 
and interleukin-12 [17]. Furthermore, a myriad of evidence from both observational and 
experimental studies has supported the possibility that vitamin D may have non-calcemic 
effects on the body [28].

Serum 25(OH)D levels were used as an indicator of vitamin D concentration. 25(OH)D is 
metabolically converted from vitamin D originating from dietary sources or the skin. Although 
the normal range of serum 25(OH)D concentrations has not yet been consistently defined, 
a concentration between 20 and 100 ng/mL is often considered normal, and a normal range 
of 30 to 60 ng/mL is commonly accepted in studies. The definition of vitamin D deficiency is 
similarly not conclusive and varies from <20 ng/mL to <30 ng/mL among previous studies. 
According to the classification of serum 25(OH)D level by the American Medical Association, 
deficiency is defined as a concentration of <30 nmol/L. Hwang et al. [21] examined alterations 
of parathyroid hormone level and bone mineral density in a study on the optimal serum 
25(OH)D level in Korean adults over 49 years old. The results suggested that a serum 25(OH)
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D level >30 ng/mL is not associated with osteoporosis, while decreased bone density and an 
increased risk of osteoporosis begin to occur at serum 25(OH)D levels under 20 ng/mL. In 
Koreans, vitamin D deficiency has been suggested to be indicated by levels below 20 ng/mL. 
In this study, therefore, the definition of vitamin D deficiency used in the study of Hwang et 
al. [21] was adopted. In the present study, we defined vitamin D deficiency as a serum 25(OH)
D level <20 ng/mL and sufficiency as a serum 25(OH)D level >30 ng/mL. The staging of 
insufficiency and sufficiency was similarly adopted from previous studies [21,22].

This cross-sectional study showed that 59% of males and 86% of females were in a vitamin 
D-deficient state according to the definition of deficiency as a serum 25(OH)D level <20 ng/mL. 
These rates are quite high. As indicated by some previous studies, vitamin D deficiency rates 
in the American and European elderly have reached 40% to 100%. One study indicated that 
more than 50% of postmenopausal women taking medication for osteoporosis exhibited 
below-optimal (<30 ng/mL) 25(OH)D levels [14]. Around the world, 50% of the population 
has vitamin D deficiency. In particular, this deficiency has been commonly observed in 
Western Europe, the Middle East, India, China, and Japan. In one study conducted by Lips et 
al. [29] in 2006, the highest prevalence of vitamin D deficiency—defined as serum 25(OH)
D levels lower than 30 ng/mL—was seen in South Korea, followed by Japan and Lebanon. 
In keeping with these results, the Dong-gu study sample showed a very high frequency of 
vitamin D deficiency.

Vitamin D can affect periodontal disease in association with bone metabolism [30]. Some 
studies have reported a correlation between vitamin D levels and periodontal status. Dietrich 
et al. [17] reported that compared with the ratio of BOP sites among the lowest 25(OH)D 
quintile of the population, the ratio of BOP sites among the highest 25(OH)D quintile was 
8 times greater. Miley et al. [31] assessed the periodontal status of 51 participants receiving 
periodontal maintenance therapy. Compared with 28 participants who did not take vitamin 
D and calcium supplements, 23 participants who took supplements for more than 18 months 
had shallower probing depths, fewer bleeding sites, fewer furcation involvements, and less 
attachment loss [31]. Millen et al. [32] observed 628 postmenopausal women over 5 years to 
evaluate the relationship between serum 25(OH)D levels and periodontal disease. The study 
indicated that changes in alveolar crest height, CAL, PPD, and gingival bleeding were not 
associated with serum 25(OH)D level [32]. Lee et al. [19] classified serum 25(OH)D levels 
of ≤20 ng/mL as vitamin D deficiency based on data obtained from 6011 participants of 
the Korean National Health and Nutrition Examination Survey (2007–2009) and examined 
whether vitamin D deficiency was associated with a community periodontal index of code 3 
or higher. Their results showed that serum vitamin D level was not significantly associated 
with a community periodontal index of code 3 or higher, but among current smokers, serum 
vitamin D levels were associated with periodontal status [19]. In this study, no association 
between serum 25(OH)D levels and CAL or PPD was evident; however, compared to the 
vitamin D-deficient group, the odds of severe periodontitis among those with vitamin D 
sufficiency were reduced by 19% (OR, 0.81; 95% CI, 0.55–1.17). In line with this finding, 
Abreu et al. [12] showed that for every unit (ng/mL) increase in serum 25(OH)D levels, the 
odds of periodontal disease were significantly reduced by 12% (OR, 0.885; 95% CI, 0.785–
0.995) in a pilot study conducted in 38 Puerto Rican adults, and concluded that lower serum 
vitamin D levels are associated with periodontitis in this population.

In this study, after adjustment for confounding variables, serum 25(OH)D levels were 
found to be associated with tooth loss. Zhan et al. [9] used the data from 1,904 participants 
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from the Study of Health in Pomerania with a 5-year follow-up period and explored the 
association between serum 25(OH)D levels and tooth loss, as well as the progression of 
periodontal diseases. Their results showed that after adjusting for multiple confounders, 
each 10-µg/L increase in serum 25(OH)D concentration was associated with a 13% decrease 
in the risk of tooth loss [9]. However, in the OsteoPerio study including postmenopausal 
women, the data did not show an association between serum 25(OH)D status and tooth loss 
[11]. Our results showed an association between serum 25(OH)D level and tooth loss, and 
after stratification by sex, this association was significant in males but not in females. As 
this study was cross-sectional, it has a limitation in that it cannot be used to elucidate any 
causal relationship between vitamin D concentration and tooth loss. Hence, further long-
term follow-up is needed.

In conclusion, this study indicated that serum vitamin D levels were negatively associated 
with tooth loss and severe periodontitis in a sample of Korean adults over 50 years old. These 
results suggested that evaluating serum vitamin D status would be valuable in the screening 
of periodontitis patients.
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