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Abstract: There have been contradictory reports on the effects of vitamin D in the prevention of
periodontitis. We analyzed the association between vitamin D status (levels of plasma 25(OH)D) and
periodontitis using the Korea National Health and Nutrition Examination Survey (KNHANES) 2013–
2014 database. Among the participants in the KNHANES (2013–2014), only those aged ≥60 years
who completed a health interview survey, periodontal examination, and blood test were included in
the study. Thus, data from 701 participants were used in the final analysis. Periodontal status was
evaluated using the Community Periodontal Index (CPI), and periodontitis was defined as having a
CPI score of 3 or 4. Plasma 25(OH)D levels were classified according to two criteria: 20 ng/mL and
quartile value. The chi-square test and multivariate logistic regression analyses were performed to
analyze the prevalence of periodontitis according to plasma 25(OH)D levels. Univariate analyses
showed that periodontitis was not significantly associated with plasma 25(OH)D levels. In the
multivariate logistic regression model adjusted for sociodemographic characteristics, the difference
in the prevalence of periodontitis between those with a normal range of 25(OH)D and those with
low plasma of 25(OH)D levels was not statistically significant. Vitamin D intake has been reported
to have benefits in maintaining periodontal health; however, total plasma 25(OH)D levels showed
no significant association with periodontitis based on CPI scores in this study. Additionally, these
findings reaffirmed the importance of toothbrushing and smoking cessation to prevent periodontitis
in people aged ≥60 years.
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1. Introduction

Periodontitis is a set of inflammatory diseases in which periodontal tissue is destroyed
by endotoxins and exotoxins of periodontal pathogens [1]. In particular, Porphyromonas
gingivalis, a Gram-negative oral anaerobe, is a “keystone” biofilm species that weakens the
host’s defense and is involved in the progression of chronic periodontitis [2]. Periodontitis
is the main cause of tooth loss in post-middle-aged individuals, for whom it substantially
reduces masticatory ability and quality of life [1,3]. Furthermore, several studies have
indicated that the presence of periodontal infection and consequent inflammation are
associated with increased incidences of atherosclerosis, cardiovascular disease, type 2
diabetes, and rheumatoid arthritis [4–6].

The primary cause of periodontitis is the persistent accumulation of oral biofilms on
tooth surfaces [1], but the progression of the disease is affected by various factors, including
host-related factors (e.g., immune disorders and hormonal imbalance) and environmental
factors (e.g., smoking and diet) [7,8]. According to a systematic review, it was reported that
a large intake of docosahexaenoic acid, vitamins C and E, beta-carotene, milk, fermented
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dairy products, dietary fiber, fruits, and vegetables contributes to improved periodontal
health [9]. Among the many important nutrients in the human diet, vitamin C has attracted
attention due to its role in the progression and treatment of periodontitis [1]. Reduced
vitamin C levels impede the development and function of leukocytes and directly affect the
host immune response [10]. Vitamin C deficiency affects proline hydroxylation, which is
involved in collagen maturation and, thus, reduces periodontal tissue regeneration [11,12].
Furthermore, vitamin D can modify the risk of periodontal diseases [13] through the
improvement of bone mineral density and other immunomodulatory effects [14]. Vitamin
D is first metabolized to 25-hydroxyvitamin D (25(OH)D) in the liver and then converted
into 1,25-dihydroxyvitamin (1,25(OH)2D), a biologically active form, in the kidneys [15]. A
previous study demonstrated that 1,25-dihydroxyvitamin D3 (1,25(OH)2D3), a hormonal
form of vitamin D, increases the expression and secretion of antimicrobial proteins, aiding in
the treatment of infectious and chronic inflammatory diseases [16]. However, the beneficial
effects of vitamin D in maintaining healthy periodontal tissues are controversial [17]. The
results of a cross-sectional study suggested that plasma 25(OH)D concentrations were
associated with gingival bleeding, an indicator of acute inflammation, but not with chronic
periodontitis when evaluated by the alveolar crestal height in combination with tooth loss
in postmenopausal women [18]. In a case–control study, participants with low serum levels
of 1,25-dihydroxyvitamin tended to be more likely to exhibit periodontitis than participants
with higher levels, but this difference was not statistically significant [19].

Periodontal diseases are among the most prevalent diseases worldwide [1] and are the
most common cause of visits to medical institutions by Korean adults aged ≥ 65 years [20].
In addition, the prevalence of vitamin D deficiency has recently increased substantially
in many countries, including South Korea [21–24]. Therefore, this study evaluated the
relationship between vitamin D status (plasma 25(OH)D levels) and periodontitis in adults
aged ≥ 60 years using the Korea National Health and Nutrition Examination Survey
(KNHANES) database.

2. Materials and Methods
2.1. Participants

We used data from KNHANES VI (2013–2014). Data from the last year of KNHANES
VI (2015) were excluded from the analyses because they did not include plasma levels of
vitamin D. The KNHANES is a nationally representative survey conducted by the Korea
Disease Control and Prevention Agency to investigate the health status, health behaviors,
and food and nutrition intake of the Korean population [25]. Among the participants in
the KNHANES 2013–2014 (a total of 14,747 people), only those who met the following
criteria were included in this study: those aged ≥ 60 years and those who completed
a health interview survey, periodontal examination, and blood test. As a result, data
from 701 participants were used in the final analysis. Written informed consent was
obtained from all participants prior to their inclusion in the KNHANES. KNHANES VI was
approved by the Korea Disease Control and Prevention Agency Institutional Review Board
(IRB No. 2013–07CON-03–4C and 2013–12EXP-03–5C), and all procedures were performed
in accordance with the World Medical Association Declaration of Helsinki. The protocol
for this study was approved by the institutional review board of Gachon University (IRB
No. 1044396–202101-HR-018–01).

2.2. Measurements

This study used data on sociodemographic characteristics (sex, age, household in-
come, and education), oral health behaviors (smoking status, frequency of daily tooth-
brushing, use of interdental cleaning devices, and dental check-ups in the previous year),
systemic health conditions (body mass index and glycated hemoglobin, total cholesterol,
high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, triglyceride, and
plasma 25(OH)D levels), and periodontal status according to the Community Periodontal
Index (CPI). Data on oral health behaviors were categorized as follows: current smoker
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(yes or no), frequency of daily toothbrushing (≤2 or ≥3 times), use of interdental cleaning
devices (yes or no), and dental check-ups in the previous year (yes or no). Body mass
index was categorized as underweight (<18.5 kg/m2), normal (18.5–24.9 kg/m2), and
obese (≥25 kg/m2) [26]. Glycated hemoglobin levels were categorized as normal (<6.5%)
and hyperglycemia (≥6.5%) [27]. The plasma 25(OH)D levels were classified using two
criteria. First, when the plasma 25(OH)D level was <20 ng/mL, subjects were consid-
ered vitamin D deficient [28]. In addition, plasma 25(OH)D levels were classified into
four different groups according to quartile values: lowest (<13.17 ng/mL), middle–low
(13.17–17.44 ng/mL), middle–high (17.45–23.40 ng/mL), and highest (≥23.41 ng/mL). All
lipids were analyzed using a COBAS 8000 C702 device (Roche, Germany). Total cholesterol
and triglyceride levels were determined using enzymatic methods, and high/low-density
lipoprotein cholesterol levels were determined using a homogeneous enzymatic colori-
metric method [25]. In accordance with the criteria proposed by the National Cholesterol
Education Program-Adult Treatment Panel III [29] and the Korean Society for Laboratory
Medicine [30], a total cholesterol level of ≥240 mg/dL, high-density lipoprotein choles-
terol level of <40 mg/dL, low-density lipoprotein cholesterol level of ≥160 mg/dL, and
triglyceride level of ≥200 mg/dL were considered abnormal. Finally, the periodontal
status of the participants was evaluated using the CPI [31]. The mouth was divided into
sextants: the maxillary arch into three parts (right posterior (#14–18), anterior (#13–23), and
left posterior (#24–28)) and the mandibular arch into three parts (right posterior (#44–48),
anterior (#33–43), and left posterior (#34–38)). The statuses of gingival bleeding, calculus,
and periodontal pockets were evaluated for each index tooth (#16 or #17; #11; #26 or #27;
#31; #36 or #37; and #46 or #47) using a CPI probe. Probing was performed by dentists
who had received the appropriate calibration training. The CPI score ranged from 0 to 4
as follows: healthy periodontal tissue (CPI 0), gingival bleeding on probing (CPI 1), peri-
odontal tissue with gingival calculus (CPI 2), periodontal tissue with shallow periodontal
pockets (4–5 mm) (CPI 3), and periodontal tissue with deep periodontal pockets (≥6 mm)
(CPI 4) [25,32]. If there were two index teeth in one sextant, the one with the highest CPI
score was chosen as the value for that sextant. In this study, periodontitis was defined as
having a CPI score of 3 or 4 [25]. The participants were classified into nonperiodontitis and
periodontitis groups.

2.3. Statistical Analyses

The collected data were analyzed using the IBM SPSS Statistics software (ver. 23
(IBM Corp., Armonk, NY, USA). Chi-square tests were used to compare the differences
in the prevalence of periodontitis according to oral health behaviors and systemic health
conditions, including plasma 25(OH)D levels. Additionally, multivariate logistic regression
analyses were performed to identify the strength of the association between periodontitis
and oral health behaviors or systemic health conditions, including plasma 25(OH)D levels,
when sociodemographic characteristics were adjusted for. The multivariate logistic regres-
sion model included sociodemographic factors and the factors of which the chi-square test
results were p < 0.05. The value for determining statistical significance was set at 0.05.

3. Results
3.1. Associations between Oral Health Behaviors or Systemic Health Conditions and Periodontitis

The prevalence of periodontitis was higher in participants who were current smokers
(63.8%) and who brushed their teeth <3 times per day (52.5%) than in their respective coun-
terparts (p < 0.05). Moreover, the prevalence of periodontitis was higher in participants with
a glycated hemoglobin value of ≥6.5% (56.7%) than in those with a glycated hemoglobin
value of <6.5% (46.3%) (p = 0.051). In addition, there was no difference in the prevalence of
periodontitis between participants with a plasma 25(OH)D level of <20 ng/mL and those
with a level of ≥20 ng/mL. The difference in the prevalence of periodontitis across the
plasma 25(OH)D quartiles was also not significant (Table 1).
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Table 1. Associations between oral health behaviors or systemic health conditions and periodontitis.

Characteristics Division
Periodontal Status

χ (p)Non
Periodontitis Periodontitis

Oral health behaviors

Smoking status Yes 111 43 (36.2) 68 (63.8) 13.958
No 561 305 (55.1) 256 (44.9) (0.001)

Frequency of <3 403 191 (47.5) 212 (52.5) 6.975
daily toothbrushing ≥3 267 155 (57.9) 112 (42.1) (0.013)
Use of interdental Yes 262 160 (53.1) 132 (46.9) 0.364
cleaning devices No 379 187 (50.7) 192 (49.3) (0.628)
Dental check-ups Yes 190 99 (51.7) 91 (48.3) 0.000

in the previous year No 477 246 (51.7) 231 (48.3) (0.995)
Systemic health conditions

BMI (kg/m2)
<18.5 16 11 (72.9) 5 (27.1) 3.935

(0.253)18.5–24.9 421 222 (52.5) 199 (47.5)
≥25 263 129 (48.6) 134 (51.4)

Glycated <6.5 565 302 (53.7) 263 (46.3) 4.972
hemoglobin (%) ≥6.5 135 60 (43.3) 75 (56.7) (0.051)

TC (mg/dL) <240 637 329 (51.8) 308 (48.2) 0.113
≥240 64 34 (49.6) 30 (50.4) (0.790)

HDL-C (mg/dL) ≥40 551 294 (53.1) 257 (46.9) 2.259
<40 150 69 (46.4) 81 (53.6) (0.144)

LDL-C (mg/dL) <160 116 60 (49.3) 56 (50.7) 0.004
≥160 9 5 (48.1) 4 (51.9) (0.942)

TG (mg/dL) <200 576 298 (52.1) 278 (47.9) 0.364
≥200 125 65 (49.2) 60 (50.8) (0.604)

25(OH)D level <20 422 222 (50.5) 200 (49.5) 0.497
(ng/mL) ≥20 279 141 (53.2) 138 (46.8) (0.526)

25(OH)D level <13.17
(lowest) 178 96 (54.0) 82 (46.0)

1.697
(0.694)(ng/mL) 13.17–

17.44 162 85 (48.8) 77 (51.2)

(quartile) 17.45–
23.40 174 86 (49.3) 88 (50.7)

23.41
(highest) 187 96 (54.0) 91 (46.0)

Total 701 363(51.5) 338(48.5)
BMI, body mass index; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; TG, triglyceride. Bold indicates statistical significance at p < 0.05.

3.2. Strength of Association between Oral Health Behaviors or Systemic Health Conditions and
Periodontitis

In the multivariate logistic regression model adjusted for sociodemographic char-
acteristics, such as age and sex, the participants in the lowest plasma 25(OH)D quartile
(<13.17 ng/mL) did not show any difference in periodontitis prevalence when compared
with the participants in the highest quartile (≥23.41 ng/mL) (p > 0.05). There was no
difference in the prevalence of periodontitis between the normal group (plasma 25(OH)D
level ≥20 ng/mL) and the vitamin D deficiency group (<20 ng/mL) (p = 0.653, data not
shown). In addition, participants who were current smokers and who brushed their teeth
<3 times per day had more periodontitis than their respective counterparts (p < 0.05). Fi-
nally, although the participants with a glycated hemoglobin level of ≥6.5% tended to have
more periodontitis compared with the participants with a level of <6.5%, this relationship
was not significant (p = 0.156) (Table 2).
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Table 2. Factors associated with periodontitis based on multiple logistic regression analysis.

Factors Division
Periodontitis

OR (CI) * p

Smoking status Yes (ref. no) 1.758 (1.027–3.008) 0.040
Frequency of daily

toothbrushing <3 (ref. ≥ 3) 1.427 (1.018–2.000) 0.039

Glycated hemoglobin level (%) ≥6.5 (ref. < 6.5) 1.364 (0.887–2.099) 0.156
25(OH)D level (ng/mL)

(quartile)
<13.17 (ref. ≥ 23.41) 0.968 (0.598–1.569) 0.895

13.17–17.44 1.222 (0.783–1.906) 0.375
17.45–23.40 1.114 (0.646–1.923) 0.696

* Adjusted for sociodemographic characteristics (age, sex, household income level, and education level). OR, odds
ratio; CI, 95% confidence interval. Bold indicates statistical significance at p < 0.05.

4. Discussion

There have been contradictory reports on the effects of vitamin D in the prevention and
treatment of infectious and chronic inflammatory diseases, such as periodontitis. Further-
more, both vitamin D deficiency and periodontitis, which substantially affect the quality of
life and health of the general population, are increasingly common worldwide [3,21,22,33].
Given these circumstances, further studies on the association between periodontitis and
vitamin D deficiency should be conducted using various study designs. In this study,
total plasma 25(OH)D levels, the most suitable indicator for the accurate evaluation of
systemic vitamin D stores [33], were used to analyze the relationship between vitamin
D deficiency and periodontitis (CPI ≥ 3) in Korean adults aged ≥60 years who partic-
ipated in KNHANES VI (2013–2014). Univariate analyses showed that the prevalence
of periodontitis in the participants with vitamin D deficiency (plasma 25(OH)D levels
<20 ng/mL) or in the lowest quartile of plasma 25(OH)D levels (<13.17 ng/mL) was not
significantly different from that of the respective control group. In the final regression
model with adjustment for potential sociodemographic risk factors, total plasma 25(OH)D
levels also showed no significant association with periodontitis. Since we analyzed older
adults aged ≥60 years, it was difficult to directly compare these results with the find-
ings of previous studies. Vitamin D intake has been reported to have many benefits in
maintaining periodontal health due to its direct role in bone metabolism, antibiotic effects
against periodontopathogens, and ability to interrupt inflammatory mediators that induce
periodontal tissue destruction [34,35]. Despite these important functions of vitamin D, few
studies have presented direct evidence that vitamin D status is an important determinant
in the development of periodontal diseases [36]. One previous study suggested that men
with high vitamin D intake experienced a lower incidence of severe periodontitis and
alveolar bone loss [37]. Another study reported that vitamin D can reduce susceptibility to
gingival inflammation through its anti-inflammatory effects [38]. Furthermore, one study
based on the US National Health and Nutrition Examination Survey database reported
that both men and women aged ≥50 years in the lower quintile of serum 25(OH)D had
higher periodontal attachment loss than those in the highest quintile [14]. However, in this
study, there was no significant association between plasma 25(OH)D levels and attachment
loss in patients aged <50 years [14]. In addition, another study suggested that plasma
25 (OH)D levels had more relation to the index measuring acute inflammation, such as
gingival bleeding, rather than to the index measuring alveolar bone loss among healthy
postmenopausal women [18]. However, contrary to the findings of these previous studies,
several additional studies were unable to reveal the beneficial effects of vitamin D on
periodontal health. In a clinical study, serum 25(OH)D levels were not associated with
periodontal conditions that were assessed, based on gingival bleeding and the presence of
periodontal pockets [39]. In addition, even in a study using the KNHANES database like
ours, no significant association was found between vitamin D deficiency and periodontal
status, except in current smokers [40]. We hypothesized that vitamin D deficiency was not
related to periodontitis based on several factors, including the age of the subjects and the
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plasma 25(OH)D levels. First, the subjects of this study were adults aged ≥60 years, the age
group with the highest prevalence of chronic periodontitis in South Korea [25]. Moreover,
this age group is more likely to have accumulated more pathogenic oral biofilm, a causative
factor of periodontitis, on tooth surfaces than younger age groups [41]. In general, to
revert to a healthy periodontal condition, removal of the biofilm must be prioritized using
mechanical methods, such as scaling [42]. In other words, the effects of vitamin D on
periodontal health may be limited in situations where oral hygiene care is not thoroughly
performed. Since there were no data on oral hygiene status in the KNHANES database, this
factor could not be considered in this study. Oral hygiene status needs to be controlled for
in future studies. Second, vitamin D deficiency has generally been considered as 25(OH)D
being <20 ng/mL and insufficiency as 25(OH)D being 21–29 ng/mL without any overt
clinical symptoms, even though there has been a lot of controversy over the definition [43].
A review reported that maximum bone mineral density could be achieved when serum
25(OH)D levels reached ≥40 ng/mL, suggesting that vitamin D intake should be higher
than the currently recommended amount to obtain a better health outcome [36]. However,
it did not precisely define the optimal plasma 25(OH)D concentration. Of the 701 partici-
pants in this study, 279 had a serum 25(OH)D level of ≥20 ng/mL, 55 had ≥30 ng/mL,
and 7 had ≥40 ng/mL, which shows that as the level increased, the number of people
who met the standard decreased significantly. Thus, it was thought that both the plasma
25(OH)D levels of the participants and the thresholds used were too low to analyze the
effect of vitamin D on periodontitis.

In this study, total plasma 25(OH)D levels, a barometer of vitamin D status, were used
to analyze the relationship between vitamin D deficiency and periodontitis in Korean adults
aged ≥60 years who participated in KNHANES VI (2013–2014). To the best of our knowl-
edge, this study is one of the largest studies to examine the association between vitamin D
and periodontitis in older adults. However, this study has several limitations. First, it may
not have identified all potential confounding variables. Second, because the KNHANES is
a cross-sectional study, it is difficult to identify the causal relationships among the included
variables, particularly between periodontitis and plasma 25(OH)D levels. Third, in this
study, 20 ng/mL was used as the cut-off value for vitamin D deficiency. However, normal
ranges may vary according to age, ethnicity, geographic location, sampling season, and
health outcomes [33,44]. Fourth, the CPI has several limitations [45]. In particular, since
the CPI score evaluates the periodontal status based on the depth of periodontal pockets
using index teeth in each sextant, the extent of inflammation across the dentition may not
have been accurately reflected. Finally, because the subjects of our study were limited to
those aged ≥60 years, the results cannot be generalized to all age groups. Hence, future
studies should elucidate the association between vitamin D status (plasma 25(OH)D levels)
and periodontitis using multiple confounding variables and biomarkers that can detect
the process of periodontal inflammation more accurately, along with a longitudinal study
design.

5. Conclusions

The results of analyses of the relationship between vitamin D deficiency and peri-
odontitis based on CPI scores, using the KNHANES database, which represents the health
status of the Korean population, indicate that low levels of vitamin D did not appear to be
related to the development of periodontitis in adults aged ≥60 years. Additionally, this
study reaffirmed the importance of toothbrushing and smoking cessation in preventing
periodontitis in people aged ≥60 years.

Author Contributions: Conceptualization, M.-R.L. and J.-S.C.; methodology, M.-R.L., S.-J.H., H.-E.K.
and J.-S.C.; software, M.-R.L.; formal analysis, M.-R.L. and J.-S.C.; investigation, M.-R.L., S.-J.H.,
H.-E.K. and J.-S.C.; data curation, M.-R.L. and J.-S.C.; writing—original draft preparation, M.-R.L.
and J.-S.C.; writing—review and editing, M.-R.L., S.-J.H., H.-E.K. and J.-S.C.; visualization, M.-R.L.
and J.-S.C.; supervision, S.-J.H., H.-E.K. and J.-S.C.; project administration, J.-S.C. All authors have
read and agreed to the published version of the manuscript.



Int. J. Environ. Res. Public Health 2021, 18, 4181 7 of 8

Funding: This study did not receive any financial support.

Institutional Review Board Statement: KNHANES VI was approved by the Korea Disease Control
and Prevention Agency Institutional Review Board (IRB No. 2013–07CON-03–4C and 2013–12EXP-03–
5C), and all involved procedures were performed in accordance with the World Medical Association
Declaration of Helsinki. In addition, the protocol for this study was approved by the institutional
review board of Gachon University (IRB NO. 1044396–202101-HR-018–01).

Informed Consent Statement: Written informed consent was obtained from all participants prior to
inclusion in the KNHANES.

Data Availability Statement: The findings of this study were analyzed using a publicly available
database. The data are located at: https://knhanes.cdc.go.kr/knhanes/sub03/sub03_02_05.do.
(accessed on November 2020).

Acknowledgments: We thank the Korea Disease Control and Prevention Agency, which conducted
the Korea National Health and Nutrition Examination Survey, and all of the participants and investi-
gators involved in the survey.

Conflicts of Interest: The authors declare that they have no conflict of interest.

References
1. Eaton, K.; Ower, P. Practical Periodontics, 1st ed.; Elsevier: St. Louis, MO, USA, 2015; pp. 13–26, 67–79.
2. Bostanci, N.; Belibasakis, G.N. Porphyromonas gingivalis: An invasive and evasive opportunistic oral pathogen. FEMS Microbiol.

Lett. 2012, 333, 1–9. [CrossRef]
3. Pereira, L.J.; Gazolla, C.M.; Magalhães, I.B.; Ramos-Jorge, M.L.; Marques, L.S.; Gameiro, G.H.; Fonseca, D.C.; Castelo, P.M.

Treatment of chronic periodontitis and its impact on mastication. J. Periodontol. 2011, 82, 243–250. [CrossRef]
4. Carrizales-Sepúlveda, E.F.; Ordaz-Farías, A.; Vera-Pineda, R.; Flores-Ramírez, R. Periodontal disease, systemic inflammation and

the risk of cardiovascular disease. Heart Lung Circ. 2018, 27, 1327–1334. [CrossRef] [PubMed]
5. Bascones-Martínez, A.; González-Febles, J.; Sanz-Esporrín, J. Diabetes and periodontal disease: Review of the literature. Am. J.

Dent. 2014, 27, 63–67. [CrossRef]
6. Cheng, Z.; Meade, J.; Mankia, K.; Emery, P.; Devine, D.A. Periodontal disease and periodontal bacteria as triggers for rheumatoid

arthritis. Best Pract. Res. Clin. Rheumatol. 2017, 31, 19–30. [CrossRef]
7. Bartold, P.M.; Van Dyke, T.E. Periodontitis: A host-mediated disruption of microbial homeostasis. Unlearning learned concepts.

Periodontology 2000 2013, 62, 201–217. [CrossRef]
8. Najeeb, S.; Zafar, M.S.; Khurshid, Z.; Zohaib, S.; Almas, K. The role of nutrition in periodontal health: An update. Nutrients 2016,

8, 530. [CrossRef]
9. O’Connor, J.L.P.; Milledge, K.L.; O’Leary, F.; Cumming, R.; Eberhard, J.; Hirani, V. Poor dietary intake of nutrients and food

groups are associated with increased risk of periodontal disease among community-dwelling older adults: A systematic literature
review. Nutr. Rev. 2020, 78, 175–188. [CrossRef]

10. Gorkom, G.N.Y.; Klein Wolterink, R.G.J.; Van Elssen, C.H.M.J.; Wieten, L.; Germeraad, W.T.V.; Bos, G.M.J. Influence of vitamin C
on lymphocytes: An Overview. Antioxidants 2018, 7, 41. [CrossRef]

11. Peterkofsky, B. Ascorbate requirement for hydroxylation and secretion of procollagen: Relationship to inhibition of collagen
synthesis in scurvy. Am. J. Clin. Nutr. 1991, 54, 1135S–1140S. [CrossRef]

12. Pussinen, P.J.; Laatikainen, T.; Alfthan, G.; Asikainen, S.; Jousilahti, P. Periodontitis is associated with a low concentration of
vitamin C in plasma. Clin. Diagn. Lab Immunol. 2003, 10, 897–902. [CrossRef]

13. Hildebolt, C.F. Effect of vitamin D and calcium on periodontitis. J. Periodontol. 2005, 76, 1576–1587. [CrossRef]
14. Dietrich, T.; Joshipura, K.J.; Dawson-Hughes, B.; Bischoff-Ferrari, H.A. Association between serum concentrations of 25-

hydroxyvitamin D3 and periodontal disease in the US population. Am. J. Clin. Nutr. 2004, 80, 108–113. [CrossRef] [PubMed]
15. Bikle, D.D. Vitamin D metabolism, mechanism of action, and clinical applications. Chem. Biol. 2014, 21, 319–329. [CrossRef]

[PubMed]
16. Wang, T.T.; Nestel, F.P.; Bourdeau, V.; Nagai, Y.; Wang, Q.; Liao, J.; Tavera-Mendoza, L.; Lin, R.; Hanrahan, J.W.; Mader, S.; et al.

Cutting edge: 1,25-dihydroxyvitamin D3 is a direct inducer of antimicrobial peptide gene expression. J. Immunol. 2004, 173,
2909–2912. [CrossRef] [PubMed]

17. Millen, A.E.; Pavlesen, S. Could vitamin D influence risk for periodontal disease—To “D” or not to “D”? Curr. Oral Health Rep.
2020, 7, 98–111. [CrossRef]

18. Millen, A.E.; Hovey, K.M.; LaMonte, M.J.; Swanson, M.; Andrews, C.A.; Kluczynski, M.A.; Genco, R.J.; Wactawski-Wende,
J. Plasma 25-hydroxyvitamin D concentrations and periodontal disease in postmenopausal women. J. Periodontol. 2013, 84,
1243–1256. [CrossRef]

19. Antonoglou, G.N.; Knuuttila, M.; Niemelä, O.; Raunio, T.; Karttunen, R.; Vainio, O.; Hedberg, P.; Ylöstalo, P.; Tervonen, T. Low
serum level of 1,25(OH)2 D is associated with chronic periodontitis. J. Periodontal Res. 2015, 50, 274–280. [CrossRef]

https://knhanes.cdc.go.kr/knhanes/sub03/sub03_02_05.do
http://doi.org/10.1111/j.1574-6968.2012.02579.x
http://doi.org/10.1902/jop.2010.100178
http://doi.org/10.1016/j.hlc.2018.05.102
http://www.ncbi.nlm.nih.gov/pubmed/29903685
http://doi.org/10.4317/medoral.17032
http://doi.org/10.1016/j.berh.2017.08.001
http://doi.org/10.1111/j.1600-0757.2012.00450.x
http://doi.org/10.3390/nu8090530
http://doi.org/10.1093/nutrit/nuz035
http://doi.org/10.3390/antiox7030041
http://doi.org/10.1093/ajcn/54.6.1135s
http://doi.org/10.1128/CDLI.10.5.897-902.2003
http://doi.org/10.1902/jop.2005.76.9.1576
http://doi.org/10.1093/ajcn/80.1.108
http://www.ncbi.nlm.nih.gov/pubmed/15213036
http://doi.org/10.1016/j.chembiol.2013.12.016
http://www.ncbi.nlm.nih.gov/pubmed/24529992
http://doi.org/10.4049/jimmunol.173.5.2909
http://www.ncbi.nlm.nih.gov/pubmed/15322146
http://doi.org/10.1007/s40496-020-00253-7
http://doi.org/10.1902/jop.2012.120445
http://doi.org/10.1111/jre.12207


Int. J. Environ. Res. Public Health 2021, 18, 4181 8 of 8

20. Health Insurance Review and Assessment Service and National Health Insurance Service. 2018 National Health Insurance
Statistical Yearbook; Health Insurance Review and Assessment Service and National Health Insurance Service: Wonju, Korea, 2019;
pp. 620–622.

21. Park, J.H.; Hong, I.Y.; Chung, J.W.; Choi, H.S. Vitamin D status in South Korean population: Seven-year trend from the KNHANES.
Medicine 2018, 97, e11032. [CrossRef]

22. Amrein, K.; Scherkl, M.; Hoffmann, M.; Neuwersch-Sommeregger, S.; Köstenberger, M.; Berisha, A.T.; Martucci, G.; Pilz, S.; Malle,
O. Vitamin D deficiency 2.0: An update on the current status worldwide. Eur. J. Clin. Nutr. 2020, 74, 1498–1513. [CrossRef]

23. Meehan, M.; Penckofer, S. The role of vitamin D in the aging adult. J. Aging Gerontol. 2014, 2, 60–71. [CrossRef]
24. Kweder, H.; Eidi, H. Vitamin D deficiency in elderly: Risk factors and drugs impact on vitamin D status. Avicenna J. Med. 2018, 8,

139–146. [CrossRef]
25. Ministry of Health & Welfare. 2015 Korea Health Statistics: Korea National Health and Nutrition Examination Survey (KNHANES

VI-3); Ministry of Health & Welfare: Sejong, Korea, 2016; pp. 3–5.
26. WHO Expert Consultation. Appropriate body-mass index for Asian populations and its implications for policy and intervention

strategies. Lancet 2004, 363, 157–163. [CrossRef]
27. Harvard Medical School. Harvard Medical School Family Health Guide; Simon & Schuster: New York, NY, USA, 1999; pp. 149–166.
28. Thacher, T.D.; Clarke, B.L. Vitamin D insufficiency. Mayo Clin. Proc. 2011, 86, 50–60. [CrossRef] [PubMed]
29. Expert Panel on the Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults. Executive Summary of the Third

Report of the National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults (Adult Treatment Panel III). JAMA 2001, 285, 2486–2497. [CrossRef]

30. Korean Society for Laboratory Medicine. Standard of Dyslipidemia. Available online: https://www.kslm.org/sub01/sub03_4.
html (accessed on 25 January 2021).

31. World Health Organization. Oral Health Surveys-Basic Methods, 4th ed.; World Health Organization: Geneva, Switzerland, 1997.
32. Guidebook for the Sixth Korean National Health and Nutrition Examination Survey. Available online: https://knhanes.cdc.go.

kr/knhanes/sub04/sub04_02_02.do?classType=4 (accessed on 1 October 2020).
33. Kennel, K.A.; Drake, M.T.; Hurley, D.L. Vitamin D deficiency in adults: When to test and how to treat. Mayo Clin. Proc. 2010, 85,

752–758. [CrossRef]
34. Anand, N.; Chandrasekaran, S.C.; Rajput, N.S. Vitamin D and periodontal health: Current concepts. J. Indian Soc. Periodontol.

2013, 17, 302–308. [CrossRef]
35. Gropper, S.S.; Smith, J.L.; Groff, J.L. Advanced Nutrition and Human Metabolism, 6th ed.; Wadsworth Cengage Learning: Belmont,

MA, USA, 2009; pp. 431–443.
36. Bischoff-Ferrari, H.A.; Giovannucci, E.; Willett, W.C.; Dietrich, T.; Dawson-Hughes, B. Estimation of optimal serum concentrations

of 25-hydroxyvitamin D for multiple health outcomes. Am. J. Clin. Nutr. 2006, 84, 18–28. [CrossRef]
37. Alshouibi, E.N.; Kaye, E.K.; Cabral, H.J.; Leone, C.W.; Garcia, R.I. Vitamin D and periodontal health in older men. J. Dent. Res.

2013, 92, 689–693. [CrossRef] [PubMed]
38. Dietrich, T.; Nunn, M.; Dawson-Hughes, B.; Bischoff-Ferrari, H.A. Association between serum concentrations of 25-

hydroxyvitamin D and gingival inflammation. Am. J. Clin. Nutr. 2005, 82, 575–580. [CrossRef]
39. Antonoglou, G.N.; Suominen, A.L.; Knuuttila, M.; Ylöstalo, P.; Ojala, M.; Männistö, S.; Marniemi, J.; Lundqvist, A.; Tervonen,

T. Associations between serum 25-hydroxyvitamin d and periodontal pocketing and gingival bleeding: Results of a study in a
non-smoking population in Finland. J. Periodontol. 2015, 86, 755–765. [CrossRef] [PubMed]

40. Lee, H.J.; Je, D.I.; Won, S.J.; Paik, D.I.; Bae, K.H. Association between vitamin D deficiency and periodontal status in current
smokers. Community Dent. Oral Epidemiol. 2015, 43, 471–478. [CrossRef]

41. Shin, N.R.; Yi, Y.J.; Choi, J.S. Hand motor functions on the presence of red fluorescent dental biofilm in older community-dwelling
Koreans. Photodiagn. Photodyn. Ther. 2019, 28, 120–124. [CrossRef]

42. Smiley, C.J.; Tracy, S.L.; Abt, E.; Michalowicz, B.S.; John, M.T.; Gunsolley, J.; Cobb, C.M.; Rossmann, J.; Harrel, S.K.; Forrest, J.L.;
et al. Systematic review and meta-analysis on the nonsurgical treatment of chronic periodontitis by means of scaling and root
planing with or without adjuncts. J. Am. Dent. Assoc. 2015, 146, 508–524. [CrossRef]

43. Holick, M.F.; Binkley, N.C.; Bischoff-Ferrari, H.A.; Gordon, C.M.; Hanley, D.A.; Heaney, R.P.; Murad, M.H.; Weaver, C.M.
Evaluation, treatment, and prevention of vitamin D deficiency: An Endocrine Society clinical practice guideline. J. Clin. Endocrinol.
Metab. 2011, 96, 1911–1930. [CrossRef]

44. Park, H.Y.; Lim, Y.H.; Park, J.B.; Rhie, J.B.; Lee, S.J. Environmental and occupation factors associated with vitamin D deficiency in
Korean adults: The Korea National Health and Nutrition Examination Survey (KNHANES) 2010–2014. Int. J. Environ. Res. Public
Health 2020, 17, 9166. [CrossRef]

45. Yen, A.M.F.; Lai, H.; Fann, J.C.Y.; Chiu, S.Y.H.; Chen, S.L.S. Relationship between community periodontal index and fecal
hemoglobin concentration, an indicator for colorectal neoplasm. J. Dent. Res. 2014, 93, 760–766. [CrossRef] [PubMed]

http://doi.org/10.1097/MD.0000000000011032
http://doi.org/10.1038/s41430-020-0558-y
http://doi.org/10.12974/2309-6128.2014.02.02.1
http://doi.org/10.4103/ajm.AJM_20_18
http://doi.org/10.1016/S0140-6736(03)15268-3
http://doi.org/10.4065/mcp.2010.0567
http://www.ncbi.nlm.nih.gov/pubmed/21193656
http://doi.org/10.1001/jama.285.19.2486
https://www.kslm.org/sub01/sub03_4.html
https://www.kslm.org/sub01/sub03_4.html
https://knhanes.cdc.go.kr/knhanes/sub04/sub04_02_02.do?classType=4
https://knhanes.cdc.go.kr/knhanes/sub04/sub04_02_02.do?classType=4
http://doi.org/10.4065/mcp.2010.0138
http://doi.org/10.4103/0972-124X.115645
http://doi.org/10.1093/ajcn/84.1.18
http://doi.org/10.1177/0022034513495239
http://www.ncbi.nlm.nih.gov/pubmed/23788610
http://doi.org/10.1093/ajcn/82.3.575
http://doi.org/10.1902/jop.2015.140262
http://www.ncbi.nlm.nih.gov/pubmed/25762358
http://doi.org/10.1111/cdoe.12173
http://doi.org/10.1016/j.pdpdt.2019.08.010
http://doi.org/10.1016/j.adaj.2015.01.028
http://doi.org/10.1210/jc.2011-0385
http://doi.org/10.3390/ijerph17249166
http://doi.org/10.1177/0022034514539976
http://www.ncbi.nlm.nih.gov/pubmed/24938273

	Introduction 
	Materials and Methods 
	Participants 
	Measurements 
	Statistical Analyses 

	Results 
	Associations between Oral Health Behaviors or Systemic Health Conditions and Periodontitis 
	Strength of Association between Oral Health Behaviors or Systemic Health Conditions and Periodontitis 

	Discussion 
	Conclusions 
	References

