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i ifi Received: 12 February 2018
kidney through the blogdstream and. hydroxy lated by specific enzyme Accepted: 15 April 2019
(cytochrome P450 family 27 subfamily A member 1, cytochrome P450
family 27 subfamily B member 1) to form 25-hydroxy vitamin D and Keywords
1,25-dihydroxy vitamin D. The vitamin D synthesis facilitates calcium and _ _
phosphorus absorption from the intestines. Parathyroid hormone helps to Periodontal Disease;

. . . . . . . Vitamin D.
synthesize 1,25-dihydroxy vitamin D to aid calcium absorption. famin

Objectives

Many researchers have investigated the relationship between the serum
vitamin D levels and periodontal disease. And periodontal disease
indicators such as bleeding on probing, pocket depth, clinical attachment
level, gingival index, and cemento enamel junction-alveolar crest have
been used to identify the effects of vitamin D on periodontal disease. The
effects of vitamin D on bacteria or cytokines have also been investigated.
In this review article, vitamin D levels according to the status of periodontal
disease were summarized.

Data sources
PubMed was searched electronically, and randomized clinical trials, cross-
sectional studies, and case-control studies were included in the review.

Study Appraisal and Synthesis Methods
Articles that the classification of periodontitis was accurately described,
indicators for identifying periodontitis was clearly marked, and the form of
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were selected and summarized.

Results

Limitations

needed in future studies.

Conclusions

vitamin D measured in the study was accurately described were selected. Only highly relevant journals

Most of the research has found positive associations between the serum 25-hydroxy vitamin D level

and periodontal health, and the clinical parameters of periodontal disease were reduced by vitamin D.

Detailed categorization of the characteristics associated with the 25-hydroxy vitamin D level should be

This review article can be used as a guide by clinicians and as a reference book for patient’s education.

Introduction

Vitamin D is obtained through food and nutritional
supplements, or is synthesized in the skin from the
UV-B radiated by sunshine. It is then transferred
to the liver through the bloodstream, where it is
hydroxylated by 25-hydroxylase to form 25(OH)D
(calcidiol, calcifediol). As 25(0OH)D is a fairly stable
compound in the human body, it is commonly used
as an indicator of the blood vitamin D concentration.
The 25(OH)D is then transferred to the kidneys,
where it undergoes another hydroxylation by
1a-hydroxylase to form 1,25(OH),D (calcitriol), a
biologically active form of vitamin D. The vitamin
D synthesis facilitates calcium and phosphorus
absorption from the intestines to maintain the serum
concentrations within normal ranges. If the calcium
levels decrease, the parathyroid hormone (PTH)
helps to synthesize 1,25(0OH),D to aid calcium
absorption [Figure 1].!

As individual’s bone mass increases and decreases
over their lifetime, calcium is necessary to maintain
bone balance. When the bone balance is disrupted,
diseases associated with the skeletal bone-such
as periodontitis-occur. Therefore, a calcium intake
is important. However, there are thresholds of
calcium utilization even when the calcium intake
increases. When calcium levels are too low, the
skeletal calcium is resorbed to maintain the body’s
calcium homeostasis. This mechanism is mediated
by the PTH and vitamin D. Therefore, the vitamin D
hormone is essential to the human body to maintain
a healthy and normal condition [Figure 1].

Sufficient vitamin D level is necessary for the
maintenance of periodontal health,?2 and intake of
vitamin D can decrease the gingivitis and chronic
periodontitis.®> Because vitamin D has anti-bacterial
and anti-inflammatory effect,* and it also has anti-
proliferative effects and initiates cell apoptosis.
In addition, vitamin D is also important for bone
metabolism, alveolar bone resorption and preventing
tooth loss.®

The Food and Nutrition Board (FNB) have issued
guidelines on the recommended dietary allowances
(RDAs) for healthy vitamin D concentrations.® The
RDAs for vitamin D areas follows: 400 IU between 0
and 12 months of age, 600 IU between 1 and 70 years
old, and 800 IU after 70 years old. These quantities
do not differ between men and women. The serum
25(0OH) D concentration can be used as a vitamin D
indicator. Less than 12 ng/ ml indicates a deficiency,
12-20 ng/ mlis an inadequate level, more than 20 ng
/ mlis an adequate level for bone and overall health,
and more than 50 ng / ml signals potential adverse
effects from vitamin D in individuals. The Institute
of Medicine also concluded that for maximum bone
health, a serum 25(OH)D level over 20 ng / ml was
adequate.® In the Endocrine Society’s Practice
Guidelines (ESPG) on vitamin D, deficiency was
defined as 25(0OH)D < 20 ng / ml, insufficiency as
21-29 ng / ml, and sufficiency as at least 30 ng/ ml
for maximum bone health.” These criteria are also
accepted by the National Osteoporosis Foundation,
the International Osteoporosis Foundation, the
American Association for Clinical Endocrinologists,
and the American Geriatric Society.®°
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However, establishing an RDA for vitamin D is
difficult, as it is synthesized from sunshine and the
intake depends on the individual’s lifestyle. The
country of residence and the seasons can affect
the vitamin D synthesis, as they entail different
levels of exposure to sunshine. Holick reported that
people who live close to the equator and Puerto
Rican farmers have high 25(OH)D concentrations.®
Zittermann reviewed the vitamin D status of
European populations in summer and winter. The
results suggested that the vitamin D levels were
higher in summer than in winter."

Many researchers have investigated the relationship
between the serum vitamin D levels and periodontal
disease, and periodontal disease indicators such
as the bleeding on probing (BOP),'?'* pocket depth
(PD),'231521 clinical attachment level (CAL),3 1416
21 gingival index (Gl),'*'® and cementoenamel
junction-alveolar crest (CEJ-AC)'3'* have been used
to identify the effects of vitamin D on periodontal
disease [Figure 2].The effects of vitamin D on
bacteria or cytokines have also been investigated.

Most previous studies have focused on one of the
different forms of periodontal disease and suggested
a correlation with the vitamin D levels.'?2" However,
periodontal disease is a progressive disease that
can be gradually aggravated by personal habits.
Therefore, it is important to understand its overall
flow. To this end, this study collected and analyzed
data to identify the vitamin D levels for each
periodontal disease classification, so as to provide
clear information to clinicians and researchers.

Materials and Methods

PubMed (MEDLINE) was searched electronically,
and randomized clinical trials, cross-sectional
studies, and case-control studies were included in
the review. The following terms and combinations
were used to search the database:

“gingivitis AND vitamin D”; “gingivitis AND
calciferol”;“chronic periodontitis AND vitamin D”;
“chronic periodontitis AND calciferol”; “aggressive
periodontitis AND vitamin D”; “aggressive
periodontitis AND calciferol”; “bleeding on probing
AND vitamin D”; “bleeding on probing AND
calciferol”; “pocket depth AND vitamin D”; “pocket
depth AND calciferol”; “clinical attachment level AND

vitamin D”; “clinical attachmentlevel AND calciferol”;
“gingival index AND vitamin D”; “gingival index AND
calciferol”; “cementoenamel junction-alveolar crest
AND vitamin D”; “cementoenamel junction-alveolar
crest AND calciferol”;“vitamin D AND review”;
“periodontal disease AND review”;

Among 194 articles, 29 papers were finally selected.
Articles that the classification of periodontitis was
accurately described, indicators for identifying
periodontitis was clearly marked, and the form of
vitamin D measured in the study was accurately
described were selected. To remove the author’s
prejudice and convey accurate information, negative
correlation results between periodontitis and vitamin
D were also selected.

Non - English language studies and those with
unavailable full text or unpublished data were
excluded. Only highly relevant journals were selected
after reading their abstracts.

Results

Vitamin D Concentration and Periodontal Disease
Periodontitis is a chronic inflammatory disease
caused by bacteria; whose severity can be affected
by cytokines and osteoclasts.?? The American
Academy of Periodontology (AAP) criteria are widely
used to classify the disease.?® Researchers who
study the vitamin D levels in relation to periodontal
disease commonly focus on three categories
from the AAP’s classification: gingivitis, chronic
periodontitis, and aggressive periodontitis [Table 1].

The standards for gingivitis were set as Pocket
Depth (PD) < 3" or not suggested.’ Subjects
were recruited in India from June 2010, and they
underwent post-recruitment follow-up from February
to May 2011. The 25(0OH)D concentrations (ng /
ml) rose from 22.5 + 7.0 t0 52.2 + 10.2, 26.8 + 0.7
to 43.7 + 8.8, and 24.0 + 5.1 to 36.8 + 6.1 after
2000, 1000, and 500 IU / day of vitamin D oral
supplementation for 3 months, respectively. All the
groups had an adequate vitamin D status according
to the FNB’s RDAs on their first visit, and the 25(0OH)
D concentrations increased with the doses of vitamin
D. It was particularly highly increased in the group
that received a2000 IU dose of vitamin D oral
supplementation, and the 25(OH)D concentration
was involved in the vitamin D adverse effect group
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of individuals that showed potential adverse effects.
However, according to the ESPG, all the groups had
an insufficiency vitamin D status on their first visit and
sufficiency vitamin D status on their final visit. And,
it has a significant anti-inflammatory effect on the
gingival according to the concentrations.'® Although
the vitamin DRDAs for adults are 600 U, tolerable
upper intake levels were found to be 4000 IU (data
not shown,®). Therefore, the subjects may not have
had health problems. Another team assayed the
serum 25(OH)D concentrations in white volunteers
in the mid western United States in October. They
divided the subjects into five groups according to

32

their 25(OH)D concentrations (quintile, nmol/l):
(1)31.3+6.6,(2)47.8 + 3.8, (3) 60.8 + 3.9, (4) 75.8
+4.9,(5) 106.0 = 21.1.The quintile (1) and (2) groups
had inadequate vitamin D levels, while the (3)-(5)
groups had adequate vitamin D levels according to
the FNB’s RDAs." In gingivitis, the serum 25(0OH)
D levels were linked to aninadequate or adequate
vitamin D status. This is probably due to the mild
symptoms of gingivitis.

The standards for moderate to severe chronic
periodontitis were set as CAL > 3,3'*with the PD
not suggested.'®'418 |n a study, the subjects followed
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Fig. 1: Vitamin D is obtained through food and supplements or is synthesized in the skin
by sunshine. It is then transferred to the liver and kidney through the bloodstream and
hydroxylated by specific enzyme (CYP27A1, CYP27B1) to form 25(OH)D and 1,25(OH),D.
The vitamin D synthesis facilitates calcium and phosphorus absorption from the intestines
and the PTH helps to synthesize 1,25(0H),D to aid calcium absorption. Also, 25(0OH)D
and 1,25(0OH),D can be synthesized by GF and PDL cells to inhibits pro-inflammatory
cytokines such as IL-6 and IL-8 produced by Pg-LPS.

T, tooth; GF, gingival fibroblast; PDL, periodontal ligament; GCF, gingival crevicular fluid; IL, interleukin; PTH,
parathyroid hormone; LPS, lipopolysaccaride; TLR, toll like receptor; Pg, Porphyromonasgingivalis
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Table 1: Vitamin D and periodontal disease
Standard of oral
concentration of 25(0H)D in serum N
Type and Vitamin D Oral condition ) Clinical
Reference Sites Results
population analysis status CAL PD parameters
ng/ml nmol L
(mm) (mm})
First visit Final visit First visit Final visit
Oralsupp. | 535270 | 522:102¢ | 5612175 | 13032255+ Dose dependent
Hiremath RCT (2000 IU/day anti-inflammatory
VP =96 1000 TUdsy | 268207 | 4372887 | 669218 | 1090:220% | g N |3 G | ffectof
etal. (1) | Clinies JOIUMEY | 5a0a51 | 36826.1% | 5994127 | 919:152% vitaminD
placeba) on gingivitis.
282231 28540 70377 12100
125226 313166
192213 47843 8
Cs Positive association
Dictrich T 25(0H)D )
#=6.100 244216 60.8+3.9 G Ns. MB BOP* between 23(0OH)D and
etal (12) In serum .
NHANESIIT periodontsl health
304120 T5.8149
42583 106.0£21.1
Cc3 BOF. PD,
Miley DD Oral supp. 23 : Borderline statistically
n=31 Ns. Na. Ccp Ns. All | CAL.GL
etal. (13) . 2400 [Uday (t2ip) significant
Clinics <P CEI-AC
(+Ca>1,000 ~Received
periodontsl
mg/day) .
maintenance
programs
23
Oral supp. Ns. Positive association
Coh (12ip) BOP™ |
ort Tidav een
Garcia MN . 2400 [Uiday N . o CAL* A sanp CctainD
#=3 5. Nz - I All or: . (vitamin
etal (14) a (+Cax1,000 R‘-EC:,; e \\ithg::and
mics
pene CEI-AC ]
mg/day) maintenance periodontal health
programs
34
First visit 3 months First visit 3 months Ns.
Oral supp. (t1g) Positive association
RCT Tidav PD* betw
Perayil] 2250 IUiday (&3] @ (@) e
. !' as =TT M cP All | CAL* | oral supp. (vitamin D
etal. (1] 5 26.0:13 36.0£12*% 64.5+32 :
Clinics (+Ca=500 E ELR t 90.023.0% - Received SEP and GI* with Cz) and
mg/day) 1] ™) ()] curettage perindontal health
(M) 63,9205
25502 256102 63705
) etig]
CC,C8 5 * Positive association
Abren OF : 25(0HD ®) 183246 (E)462211.5% MP |y .5 PD* i
caan | ; @ A| | between25(0HD ma
eral - n senum (C)242+71 (Cra04=177 i
Clinics (+2ip) | (+2ip) periodontal health

RCT, randomised clinical trial; CS, cross-sectional study; CC, case-control; NHANESIII, third National Health and Nutrition
Examination Survey; Oral supp., oral supplementation;
Ca, calcium; Ns., not suggested; T, taker group; N, non-taker group; P, periodontitis; C, control; CAL, clinical attachment
loss; PD, pocket depth; 7T, at least; ip, interproximal; t, teeth;
B, buccal; L, lingual; MB, mesio-buccal; ML, mesio-lingual; DB, disto-buccal; DL, disto-lingual; All, include 6 sites on the

teeth (B, L, MB, ML, DB, DL);

Gl, gingival index; BOP, bleeding on probing; CEJ-AC, cementoenamel junction-alveolar crest; G, gingivitis; CP, chronic
periodontitis; MP, moderate periodontitis; SP, severe periodontitis;

SRP, scaling and root planning;

* Significant differences compared to placebo or control group.
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periodontal maintenance programs during the
course of the research.’'41¢ They were recruited
between June 2007 and February 2008,'® and took
vitamin D (> 400 IU / day) and calcium (> 1000 mg /
day) for >18 months (Taker group) or not (Non - Taker
group).'®' In another study, subjects were recruited
in India between November 2012 and December
2013, and took vitamin D (> 250 IU / day) and
calcium (> 500 mg / day) for 3 months (Taker group)
or not (Non - Taker group).'® The vitamin D dose was
capped based on the FNB’s RDAs on the final visit.™
1418 However, the concentration of 25(OH)D (ng/ ml)
in the serum increased from 26.0 + 1.3t10 36.0 + 1.2
(p = 0.001)."8 In the chronic periodontitis group, the
level of 25(OH)D in the serum was adequate before
and after the therapy and the oral supplementation,
but the 25(0OH)D level was increased after the
therapy and supplementation.'®

The standards for moderate and severe periodontitis
were set as CAL >4 and PD > 5, and CAL > 6 and
PD > 5, respectively."-' In a study of Hispanic adults,
the 25(OH)D concentration (ng / ml) was 18.5 +
4.6 in the periodontitis group and 24.2 + 7.1 in the
healthy control group (p = 0.006)."” The periodontitis
group had an inadequate vitamin D status, while
the healthy control group had adequate vitamin D
levels according to the FNB’s RDAs. In this study, the
vitamin D status categories (< 12: deficient, 12-19:
inadequate, 20 -30: adequate, >30: optimal) differed
from those defined by the FNB. The adequate group
was further divided into adequate and optimal
groups.'” In the periodontitis group, 63.2% of the
subjects had inadequate levels, and 36.8% had
adequate levels. In the healthy control group, 31.6%
had inadequate levels, 47.4% had adequate levels,
and 21.1% has optimal levels of vitamin D."” Another
research team recruited subjects from 2008 to 2010,
and measured their 25(0OH)D concentrations. The
25(0OH)D concentrations (nmol/l) were 65.0 + 39.3
in the severe periodontitis group and 87.1 + 39.0 in
the healthy control group (p < 0.05). Both groups
had adequate vitamin D levels according to the
FNB’s RDAs. However, the levels were higher in
the control group than in the severe periodontitis
group.'® Another study recruited subjects in Denmark
in 2007-2008 to study the calcium, vitamin D, case
in, and whey protein levels of periodontitis patients.
However, the serum 25(0OH)D concentrations were
not reported.’®

In another study, the clinical parameters were
divided into three groups (PD <2.8, <3.4, >3.4) and
the bacterial species associated with periodontitis
were investigated.?*? The median of 25(OH)D
concentrations(ng/ml) in the serum were 29.8,
25.2, and 25.0, respectively, showing no significant
differences. All the groups had adequate vitamin D
levels according to the FNB’s RDAs.

One research team set standards of PD >6 for
aggressive periodontitis, and CAL >1 and PD >5 for
chronic periodontitis.2>?' The researchers recruited
subjects from July 2001 to October 2007. The
subject’'s 25(0OH)D concentrations (nmol/l) were
29.3 + 17.2 in the aggressive periodontitis group,
25.5 + 14.3 in the chronic periodontitis group, and
21.6 = 14.4 in the control group, respectively. All the
groups showed vitamin D deficiency according to
the FNB’s RDAs. However, the 25(OH)D level was
significantly higher in the aggressive periodontitis
group than in the control group (p < 0.05), and no
significant differences were found between the
aggressive periodontitis and chronic periodontitis
groups or between the chronic periodontitis
and control groups.2® The same team recruited
subjects from November 2006 to February 2007
and measured their 25(OH)D concentrations
(nmol/l) in the serum (systemic) and in the gingival
crevicular fluid (GCF, local). The subjects received
periodontal therapy from baseline, and their 25(0OH)
D concentrations were measured at base line, at 2
months, and at 6 months post - therapy. The serum
25(0OH)D concentration was 29.3 + 4.9 at baseline,
and it decreased to 22.5 + 3.9 after 2 months of
therapy (p < 0.05). The GCF 25(OH)D concentration
was 8946.8 at baseline, 5655.3 at 2 months (p <
0.05), and 3444.8 at 6 months (p < 0.05) after the
treatment.2" And these results contradicted other
data.2>?' A possible explanation for this is that the
researchers failed to consider the demographic
characteristics and the latitude and seasons, habits,
and lifestyle, or the exposure time to sunshine
and the extra vitamin D supply from the subjects’
customary diet. Therefore, researchers should
consider control factors such as seasonal changes
in future studies. Interestingly, the vitamin D levels
were much higher in the GCF than in the serum,?!
possibly because 25(OH)D and 1,25(0OH),D can
be synthesized by the gingival fibroblast (GF) and
periodontal ligament (PDL) cells [Figure 1].
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Vitamin D Concentration and Clinical Parameters  examination and study. To evaluate the effect of the
-Bleeding on Probing vitamin D concentration on gingivitis, Dietrich et al.
Bleeding on probing (BOP) is one of the symptoms  performed a cross-sectional study of 6,700 subjects.
of gingivitis and periodontitis. It is widely used  The authors took venous blood samples and defined
by dental clinics as a clinical parameter for oral  quintiles according to the vitamin D concentrations.

Table 2: Vitamin D and bacterial species or biochemical parameters

Standard of oral condition
Type and Vitamin D concentration of 25(0H)D in serum Oral
Reference Results
population analysis status | CAL (mm) PD (mm)
ng/ml nmolL
- Red complex:
208 74.38° Ns. <28
Tannerella forsythia*
Teles FR. Cohort 250D Forphyromonasgingivalis*
eles 25 518
n=36 . 52 62.50° CP Ns. =4 Treponemadentic ola®
et al. (20) in serum
Clinic - Orange complex:
758 62,405 Na. =34 Prevotellanigrescens
Eubacteriumnodatum
oc 0.90*
(AgP) 11.7+6.9* (AgP)2903+17.2* AgP Ns. =6 (18t
ALP 60.2+182
Cohort i
LK 25(0H)D i . A o
Lon =178 . (CP)102+37 (CP) 2552143 CP [ 21(t2ip) | 23(t2ip)
et al. in serum 6312244
Clinic ALP :
oc 0.70
(C)B.7+58 (C)21.6+144 c =3 =3
ALP 64.1:16.6
Cohort oc 1.03:046
LinK 15(0H)D R N
=19 (First vizit) 11.7£2.0 (First visit) 29.3+4.9 AgP EN =6 (181 IL1p 61
etal (22) o in serum -
Clinic
IL-6 1.00
oc 1.01:£0.37
(2 months) 9.0+1.6% (2 months) 22.5+3 9% IL-1p ERED
IL-6 1.06
oc 109
(First visif) 3,584.5 (First visit) 8,946.8 IL-1p 10,592
IL-6 3,708
oc 81
I5(0H)D ~ - Received periodontal
(2 months) 2,265 8% 2 months) 5,655.3* IL-1p 5,400+
in GCF therapy (TBI and SEF)
IL-6 3,730
oc a8
(6 months) 1,380.1% (6 months) 3 444 8% IL-1p 3.963*
IL-6 4531

AgP. aggressive periodontitis; CP, chronic periodontitis; C, control; CAL, clinical attachment loss; PD, pocket depth; Ns.,
not suggested; T, at least; ip, interproximal; t, teeth;

TBI, tooth brushing instruction; SRP, scaling and root planning; OC, osteocalcin; ALP, alkine phosphatase; IL, interleukin;
GCEF, gingival crevicular fluid;

$ Mesian value

* Significant differences compared to control or first visit group.

** Significantly correlated
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They measured the proportion of bleeding in mesio -
buccal teeth, and calculated the P value. The bleeding
proportion was 0.11 + 0.18 in the lowest vitamin D
quintile and 0.08 + 0.15 in the highest quintile. The
data revealed a negative association between the
serum concentration of vitamin D and the bleeding
proportion (p < 0.001).12 Another team (Miley et
al.) studied 51 subjects from clinics to identify the
effect of vitamin D and calcium supplementation on
chronic periodontitis. They divided the subjects into
a Taker group (intake vitamin D > 400 IU / day with
calcium > 1,000 mg/day) and a Non-Taker group, and
measured the bleeding (%) atsix tooth sites (Buccal,
Lingual, Mesio-Buccal, Mesio-Lingual, Disto-Buccal,
Disto-Lingual). The mean of the bleeding sites was
60 in the Taker group and 66 in the Non-Taker group.

The results showed no significant difference (p =
0.08), but a border line statistical significance. This
study had a small population, as the researchers
had difficulty finding subjects who took adequate
amounts of supplementation to meet their criteria.™
The same team (Garcia et al.) reported a similar
study designed to determine whether the differences
persisted over a 1-year period. To this end, they
measured the BOP at baseline, at 6 months, and
at 12 months. The differences between the Taker
and Non - Taker groups were 7.90% at baseline,
19.83% at 6 months, and 5.13% at 12 months, and
the significance overtime was < 0.0001 in the Taker
group and 0.002 in the Non-Taker group. These
results showed that intakes of calcium and vitamin
D can improve periodontal health.™

Fig. 2: Many researchers have investigated the relationship between the serum vitamin D

levels and periodontal disease, and periodontal disease indexes such as the bleeding on

probing (BOP), pocket depth (PD), clinical attachment level (CAL), gingival index (Gl), and

cementoenamel junction-alveolar crest (CEJ-AC) have been used to identify the effects of
vitamin D on periodontal disease.

AB, alveolar bone; CAL, clinical attachment level; CEJ-AC, cementoenamel junction-alveolar crest; Cr, crown G,

gingival; PD, pocket depth; Rt, root of teeth;
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The mean pocket depth value (PD, mm) was
measured by an examiner. It was 7 % greater in
the Non - Taker group (2.3) than in the Taker group
(2.2, oral supplementation).’ In another team, the
mean PD values was 6.3 + 0.5 at baseline, and
reduce to 4.3 + 0.3 after 3 months in Taker group
(intake vitamin D > 250 U / day with calcium >500
mg/day) (p=0.001).The data showed that vitamin D
and calcium supplementation had a positive effect
on the periodontal health.'® In other team, the PDs
were 2.3 = 0.4 in the periodontitis group and 1.3
+ 0.3 in the control group, respectively, showing
statistical significance (p < 0.0001). Orlando et al.
also investigated that the PD value has negative
correlation with vitamin D level. This result indicates
that a lower serum level of vitamin D is significantly
associated with periodontitis.' The PDs were 3.6
+ 0.8 in the periodontitis group and 1.2 + 0.3 in
the control group, respectively, and there was a
significant difference between the periodontitis group
and the control group (p < 0.001).'® However, there
are no correlation between vitamin D level and PD
value.'® The vitamin D supplementation significantly
reduced the PD,''¢ and the serum 25(OH)D levels
reduced periodontal disease by 12%.'” However, the
correlation coefficient of the serum 25(OH)D level
with the PD was 0.119 (p = 0.55), and this result
contradicted other data.'®

Clinical Attachment Level

The clinical attachment loss (CAL, mm) was 12 %
greater in the Non-Taker (2.0) than in the Taker group
(1.8, oral supplementation).’ In another team, the
differences in the CAL percentage between the Taker
and Non-Taker groups were 11.5 at baseline, 22.8
at 6 months, and 13.0 at 12 months. There was also
a significant change over time.' In other team, the
mean CAL values was 6.3 + 0.7 at baseline, and
reduce to 4.5 + 0.6 after 3 months in Taker group (
intake vitamin D > 250 IU / day with calcium > 500 mg
/ day) (p = 0.001)."®*Orlando et al. also investigated
that the CAL value has negative correlation with
vitamin D level. This result indicates that a lower
serum level of vitamin D is significantly associated
with periodontitis.”” The CAL was 3.8 + 0.8 in the
periodontitis group and 0.9 + 0.6 in the control group,
respectively, showing significant differences between
the periodontitis and control group (p<0.001).
However, there are no correlation between vitamin

D level and CAL value.'® Another team also reported
that the CAL was calculated as the sum of the PD
and gingival level measurements, and the mean
CAL-including interproximal sites-was 3.6 + 1.2 in
the periodontitis group and 2.1 + 0.6 in the control
group (p < 0.0001)." The vitamin D supplementation
significantly reduced the CAL,'® 416 and the serum
25(0OH)D levels reduced the periodontal disease by
12%.'7 However, the correlation coefficient of the
serum 25(0OH)D level with the CAL was 0.139 (p =
0.48)," and the intake of vitamin D alone was not
associated with severe periodontitis.'®

Gingival Index

The gingival index (Gl) is a system for assessment
of the gingival condition that distinguishes the quality
of the gingival. The Gl has 4 grades: 0 indicates
a normal condition, 1 indicates mild inflammation
(slight change in color, slight edema, no BOP),
2 indicates moderate inflammation (redness,
edema and glazing, no BOP), and 3 indicates
severe inflammation (marked redness and edema,
ulceration, spontaneous bleeding). In a randomized
controlled trial, daily oral supplementations of vitamin
D were given in doses of 2000 IU / day to group A,
1000 IU / day to group B, and 500 IU / day togroup
C, and a placebo was given to group D. The serum
levels and Gl were measured at baseline, on the 2
visit on the 30™ day,on the 3" visit on the 60" day,
and on the final visit on the 90" day.The mean Gl
was 2.4 + 0.5 at baseline and 1.8 = 0.6 on the 2™
visit in group A (p <0.05), 2.4 + 0.6 at baseline and
1.2 = 0.7 on the 3 visit in group B (p <0.05),2.2
+ 0.5 at baseline and 0.9 + 1.0 on thefinal visit (p
<0.05). No significant change was observed in group
D (placebo). The results revealed a dose-dependent
anti-inflammatory effect of vitamin D on gingivitis.®
In another team, the Gl was 1.00 in the Non-Taker
group and 0.73 in the Taker group, showing border
line significance.”™ In other team, the differences
in the Gl percentages between the Taker and
Non-Taker groups were 38.0 at baseline, 40.5 at
6 months, and 24.0 at 12 months. There was also
significanceovertime.'* In other team, the mean Gl
values was 2.1 + 0.4 at baseline, and reduce to 0.3
+ 0.4 after 3 months in Taker group (intake vitamin
D > 250 IU / day with calcium > 500 mg/day) (p =
0.001)."® The vitamin D supplementation significantly
reduced the GI.'*1®
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CEJ-AC

Cemento enamel junction - alveolar crest (CEJ - AC,
mm) measurements were made in the mesial and
distal aspects of posterior teeth. The mean CEJ - AC
was 19 % greater in the Non - Taker group (2.1) than
in the Taker group (1.7, oral supplementation).'® In
another team, it was evaluated through radiographic
assessment, and the differences in the CEJ - AC
percentages between the Taker and Non - Taker
groups were 17.1 at baseline, 17.3 at 6 months,
and 11.6 at 12 months. The CEJ - AC showed no
change over time (between base line, 6 months,
and 12 months).™

Vitamin D, Bacteria and Cytokines

Bacteria Species

There was an increase in pathogenic bacteria in the
sub gingival plaque with a greater PD, particularly
in the red complex®*-including Tannerella forsythia,
Porphyromonas gingivalis, and Treponema
denticola-and in the orange complex?* -including
Prevotellanigrescens, and Eubacterium nodatum.
The subjects were assessed at baseline and 6 months
after therapy, and the levels of pathogenic bacteria-
including Tannerella forsythia, Porphyromonas
gingivalis, and Treponema denticola-were
significantly reduced after treatment.®

Cytokine

Liuet et al. focused on the association between
25(0OH)D, bone - related markers, and periodontitis.°
Aggressive periodontitis subjects showed significantly
higher PD, CAL, and BOP levels than control
subjects, reflecting severe bone destruction. The
aggressive periodontitis group showed a high level
of osteocalcin, which reflected unbalanced bone
remodeling and the need for faster bone formation.
A correlation trend was found between the 25(OH)
D and ALP levels, which also reflected the bone
formation. The same researchers measured the
25(0OH)D, osteocalcin, IL-1B, and IL-6 in the plasma
and in the GCF in the periodontitis group after the
initial periodontal therapy.?' The PD and Bl as well as
the 25(OH)D and IL-1Blevels were significantly lower
after treatment, at 2 and 6 months. The systemic and
local osteocalcin levels did not change before and
after therapy. The authors concluded that the initial
periodontal therapy focused on the elimination of
periodontal inflammation, and therefore had no effect
on the bone activity. The IL-1p level was reduced

after therapy, which reflected the alleviating effect
of the therapy on inflammation.

In the periodontitis group, the 25(OH)D level was
extremely higher in the GCF than in the plasma.?!
Therefore, GF and PDL cell enzyme activity for
vitamin D synthesis was suspected. For vitamin
D utilization, a transformation by 25-hydroxylation
and 1,a - hydroxylation is necessary. Cytochrome
P450 enzymes such as CYP27A1 and CYP27B1
have been identified as vitamin D 25-hydroxylases.?
Some researchers have performed experiments with
GF and PDL cells to identify enzyme activity. Results
have shown that GF and PDL cells generate enzymes
(CYP27A1, CYP27B1) in response to vitamin D.?":
% Tang et al. investigated the effects of 1,25(0OH),D
on the expression of IL-6 and IL-8 stimulated by P.
gingivalis. 25(OH),D significantly inhibited the 1L-8
(mRNA, protein) in PDL cells both in dose- and time-
dependent manners.?® Andrukhov et al. reported that
both 25(0OH)D and 1,25(0H),D reduced the levels of
IL-6, IL-8, and MCP-1 stimulated by P, gingivalis-LPS
and heat - killed P. gingivalisin a dose - dependent
manner.*® In De Filippis et al’s study, 1,25(0OH),D
inhibited the P gingivalis adhesion and infectivity
inGF and PDL cells. It also reduced the TNF -a., IL-8,
and IL-12 productions, and increased the human
-defensin 3 expression.®

Discussion

In this review, the relationship between vitamin D and
periodontal diseases indicators were analyzed. And
the effects of vitamin D on bacteria or cytokines have
also been investigated. The data showed a negative
association between vitamin D serum concentration
with bleeding proportion, CAL, and Gl. And intakes
of vitamin D supplementation reduced PD, CAL and
Gl. Therefore, vitamin D can improve periodontal
health. Pathogenic bacteria were also significantly
decreased after therapy with vitamin D.

Conclusion

Most of the existing research has found positive
associations between the serum 25(OH)D level
and periodontal health, and the clinical parameters
of periodontal disease were reduced by vitamin D
oral supplementation. However, some studies have
shown contrary results, as the researchers did not
consider the demographic characteristics, latitude,
seasons, and lifestyle of the subjects. Therefore,
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a more detailed categorization of the geographic,
demographic, and lifestyle characteristics associated
with the 25(OH)D level will be needed in future
studies. In addition, clinicians need to gain a
better understanding of the association between
periodontal disease and vitamin D deficiency,
and patients need to be better educated about
the required vitamin D intake amount and food
supplementation. In this regard, this review paper

can be used as a guide by clinicians and as a
reference book for patients’ education.
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