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Abstract

The role of vitamin D in maintaining gum well-being is crucial. However, scientific research reported that
the connotations of cholecalciferol and periodontal health have been divested in the present literature.
However, there is enormous heterogeneity in the data available. The current review aims to systematically
review and appraise the available literature investigating the role of vitamin D in maintaining periodontal
health. Studies included randomized controlled trials and clinical trials following Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines and cohort studies reporting associations
between vitamin D and oral health in systemically healthy patients. Databases such as PubMed, Google
Scholar, Scopus, Embase, and other sources, including hand search, were searched until May 2023 using
together-equipped search sequences. Altogether, scientific articles that conform to the inclusion principles
underwent a thorough eminence evaluation. All papers meeting inclusion criteria were subject to quality
assessment, and the method used to assess the risk of bias was the Cochrane risk of bias tool. The search
identified 1883 papers, among which 1435 were excluded after title evaluation. After abstract and title
screening, 455 were excluded, and six full texts were assessed. After full-text evaluation, two articles were
excluded, and only four were included. The data shows vitamin D's association with oral health
maintenance. Along with its action on bone metabolism, it has extended function, which provides for its
action as an anti-inflammatory agent and production of anti-microbial peptides, which help maintain oral
health. Although the literature available is immense, there is enormous heterogenicity in the papers
conducted to appraise the association between vitamin D and oral health. This systematic review has filtered
all the data to review a few essential aspects of the role of vitamin D in maintaining oral physiology. Vitamin
D has a linear relationship with periodontal health; however, the evidence is insufficient, and further studies
must be done.

Categories: Nutrition, Dentistry, Oral Medicine
Keywords: cholecalciferol, nutrition, vitamins, gum disease, periodontal disease, periodontal health, well-being,
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Introduction And Background

Periodontal health is a crucial indicator of overall health, the well-being of an individual, and the quality of
life [1-3]. World Health Organization (WHO) described oral health as the ambiance of the buccal cavity,
teeth, and orofacial edifices that empower people to execute fundamental activities like ingesting and
swallowing food, maintaining respiration, and verbal communication [4]. It additionally involves mental
factors like self-reliance, assertiveness, well-being, and the capacity to fraternize and work without enduring
pain, discomfort, or embarrassment [5-9]. It has shown a strong association with many systemic [10] and
non-communicable diseases (NCDs) [11] like hypertension [12, 13] and diabetes [14,15]. NCD incidence is
increasing [16-19] worldwide due to lifestyle changes [20,21], environmental factors [22,23], and genetics
[24-26]. Periodontal or buccal cavity disease is also called “the mirror” of the entire body, as many systemic
diseases have oral manifestations [27].

Periodontium reinforces buccal anatomical structures, including tissues, essential to maintaining oral health
[28]. Periodontal health is the nonexistence of histopathological confirmation of inflammation in the prop-
up anatomy of the teeth and acts as the principal constituent for good oral health [29]. Any disease or
pathology in the periodontium will, in turn, compromise oral health [29, 30]. It becomes crucial for an
individual to maintain their periodontal health to lead a healthy life [31-33]. Well-balanced nutrition,
nutritional supplements, and lifestyle alterations are strongly advocated to maintain good periodontal
health [34]. These features are considered moldable factors to improve gum health. However, multiple
correlations promote periodontal diseases, such as oral cleanliness, heritable and epigenetic aspects, and
systemic health [34].
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Vitamins are organic micronutrient particles indispensable for any living creature, including plants and
animals, in minute amounts to confirm apposite metabolism, gene directive, and immune purposes [35].
They act as a catalyst for all metabolic reactions and are an integral element required for cell growth and
maintenance [36-38]. Its disproportion led the way to undernourishment, affecting an individual's overall

health [39]. Vitamin D is responsible for bone health and promotes Ca%" absorption [40,41]. Ground-level of
vitamin D in the blood diminishes Ca* absorption [42]. Thus, it stimulates to liberate extra amount of

parathyroid hormone, osteoclastogenesis, and weakening Ca2* adhesion with bone to prevent serum
hypocalcemia [42]. Vitamin D (also denoted as "calciferol”) is a fat-soluble vitamin that is inherently
available in a few foods, fortified to others, and obtainable as a dietetic supplement. The recommended
dietary allowance (RDA) for a grown person aged 19 years and above is 600 IU (15 mcg) every day for males
and females, and for adults > 70 years it is 800 IU (20 mcg) day-to-day [43]. The best source of vitamin D

is cod liver oil, salmon, swordfish, tuna, orange juice fortified with vitamin D, dairy and plant milk fortified
with vitamin D, sardines, beef liver, egg yolk, and fortified cereals. [43].

Vitamin D gets synthesized biologically when sunlight's ultraviolet (UV) rays directly penetrate the surface
of human skin and start manufacturing vitamin D [44]. There are not plenty of foods that intrinsically
comprise vitamin D [45,46]. Still, fatty fish like salmon, mackerel, and herring and fish oils like cod liver oil
do [47]. Common vegan sources of vitamin D are mushrooms, invigorated plant-based kinds of milk,
exhilarated orange juice, cheese, refreshed tofu, reinforced breakfast cereals, and yogurt [48]. Vitamin D is
generically divided into vitamin D2 and D3 [49]. Vitamin D2 is synthesized by the grace of ultraviolet
radiation of ergosterol from yeast [50,51], and vitamin D3 results from ultraviolet exposure of 7-
dehydrocholesterol from lanolin, revealing the biological endeavor of cholecalciferol (vitamin D3), which is
produced in the human sun-exposed cutaneous area [52,53]. The extensively recognized biomarker study for
vitamin D level is the estimation of serum 25-hydroxyvitamin D (25[OH]D) [54-56]. This conversion
procedure of inactive vitamin D to active happens in 2 phases: (a) inside the liver, cholecalciferol is
hydroxylated to 25-hydroxycholecalciferol (25[0H]2D) by the enzyme 25-hydroxylase, and (b) in the
kidneys, 25-hydroxycholecalciferol is transformed to 1,25(0H)2D by the enzyme 1a hydroxylase [57,58].

Vitamin D performs similarly to endocrine messenger molecules primordially and regulates intestinal

absorption to support serum Ca>* and phosphate equilibrium [59]. Furthermore, vitamin D controls cell
distinction, evolution, and intrinsic immune arrangement; it performs as an autocrine and paracrine
biomolecule [60-64]. Further, the Vitamin D receptor (VDR) is a receptor particle that is a nuclear receptor
(NR) superfamily colleague. It holds together to activate Vitamin D and umpires’ biological actions through
induction or repression of gene transcription [57,65]. Also, VDRs can fasten (together) a considerable crowd
of the genomic site and modulate the utterance of diverse principal earmark genes [66]. Vitamin D is an
elemental membrane-associated protein for its nongenomic products (communication passageways) [67-69].
Multiple studies revealed that vitamin D is responsible for a broad range of physiological functions [50,70,71]
because it regulates the expression of many genes and their biotic course [72,73]. It has been reported that
Vitamin D exerts a straightforward influence on the epigenome and the manifestation of over 1000 genes in
utmost hominoid tissues and cell categories [72]. Vitamin D affects bone, antimicrobial action, and anti-
inflammatory effects, maintaining oral health [55,74,75]. Vitamin D insufficiency is the most common global
medical disorder. Around one billion population around the globe are suffering from lack or inadequate
vitamin D. The prevalence of vitamin D deficiency among grown-up people was stated to be 14-59% with a
greater pervasiveness in Asian nations [76-78]. Once a patient is deficient in Vitamin D, it is recommended
to take a minimum of 8 weeks to correct the optimum level of serum cholecalciferol, either 6,000 IU daily or
50,000 IU weekly [79-82].

Worldwide awareness-building program regarding the importance of vitamin D has augmented aggressively
due to the prevalence of its deficiency [78,83-86]. Major periodontal diseases are multiplex and involve
diverse causes [87,38]. The function of vitamin D in conserving overall mouth cavity well-being [55,75].
Vitamin D preserves bone health and metabolic activities that promote the health of soft tissues [30,89,90].
The medical perspective regarding the role of vitamins in maintaining and promoting health is well
established [91-93]; however, its correlation with oral health has very heterogeneous literature. Available
papers focus more on the correlation with disease or pathology and adjustment of vitamin D dosage [94-96]
rather than defining vitamin D's association with periodontal health. Multiple studies reported that a patient
without clinical attachment loss (CAL) of tooth or mandibular and maxillary bone damage and with
minimized periodontium in either a non-periodontitis or recovered periodontitis case is considered clinical
good gingival health with intact and stable periodontium [96-100].

Problem statements

The research question is to appraise the outcome of vitamin D addition to the improvement of periodontal
parameters in humans with unhealthy periodontium and to evaluate the association between serum vitamin
D levels and periodontal health factors. It has been reported that any degrees of raise in standard deviation
(SD) of the log-transformed intensity of cholecalciferol emanated in a 15% fall-out in the threat of
periodontitis "[OR=0.85, 95% confidence interval (CI): 0.78-0.93, p=0.006]" subsequent to multivariable
adaptation [95].
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Objectives of this study

The objectives of this systematic review are to evaluate the impact of vitamin D on periodontal health by
synthesizing the available evidence from relevant studies and examine effect of different dosage of vitamin
D on periodontal health outcomes, to inform and provide evidence-based review to healthcare providers and
policymakers about the potential effect of vitamin D on periodontal health and the implications for public
health strategies, to identify gaps in the existing literature and highlight areas where additional exploration
is required to understand the vitamin D-periodontal health connection better.

Review
Material and methods

This systematic review follows the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guideline.

Eligibility Criteria

Inclusion criteria: This review encompassed randomized controlled trials (RCT) and clinical trials reporting
vitamin D supplementation and its effect on periodontal health. Only human studies published until May
2023 were included. Electronically published as well as printed journal articles were incorporated.
Prospective cohort studies evaluating periodontal parameters as their primary or secondary outcomes were
included.

Exclusion criteria: Interventions done in the study that are not measurable for vitamin D. Studies having less
than 8 weeks of follow-up.

Information Sources
Electronic databases like PubMed, Google Scholar, Embase, and Scopus were scoured to shortlist the articles.
Search Plan

The search approach included Medical Subject Headings (MeSH) terms and keywords: “Vitamin D and
Periodontal Health” and “Vitamin D and Periodontal Diseases” due to the heterogenicity of articles and to
limit the search to the specified topic. Cross-referencing was done to exploit the references of full-text
articles. Published papers were also searched using hand search.

Study Selection Process

All the repetitive or matching papers were eliminated after associating the results from the different research
strategies. Two authors (MRS and MEP) individualistically scrutinized all the articles' abstracts obtained
after the search strategy. After that, all the scientific literature that met the encompassing indicator was
searched for full text. The researchers self-reliantly evaluated all the shortlisted articles after abstract
evaluation to ascertain whether this article should or should not be integrated into this systematic review.

Data Gathering Procedure

Two authors (MRS and MEP) collected data independently; then, data or necessary information was taken
out according to improvised planning. Masking of journal titles and authors' names was not carried out.
Data extraction was done in tables, where each article was mentioned along with its essential aspects,
including the type and country of research, age, number of participants, relationship between vitamin D and
periodontal diseases, follow-up period, and statistical significance. After data searching and recording for
each paper was completed, the following steps were conducted: (a) publication year and title in short, (b)
country and type of research carried out, (c) details of participants at baseline, (d) interventions applied, (e)
parameters assessed and the timeline for the study, (f) bias related data, and (g) results in detail dividing
each parameter.

Assessment of Bias Throughout the Research Papers

The risk of bias (RoB) evaluation was shepherded by two authors (MRS and MEP). The procedural excellence
of the integrated study was counted, conferring to the quality appraisal instrument developed by Cochrane's
RoB tool. The tool included domains to evaluate selection bias due to random sequence generation, selection
bias due to apportionment camouflage, recording bias, implementation bias, finding bias, attenuation bias,
and additional bases of preference or bias; for each domain, the assessment was given as high, low, or
unclear as per the guidelines. Disagreements between authors were resolved by consensus with other
authors.

2023 Shah et al. Cureus 15(10): e47773. DOI 10.7759/cureus.47773 3of 17



Cureus

Results
Study Selection

Search engines PubMed, Google Scholar, Embase, and Scopus, identified 1883 papers after applying MESH
terminologies. A total of 1433 articles were excluded after applying filters. Filters used were (a) article type:
randomized controlled trials and (b) species: humans. Four hundred and fifty articles underwent title
evaluation by both authors independently. About 13 articles were included using a manual search. Two
articles were excluded as duplicates, and 11 were subjected to further assessment. The remaining 461
articles, consisting of electronic and manual searches, were screened using titles and abstracts. After title
and abstract screening, 455 records were excluded. A total of 6 full-text articles were evaluated for
eligibility, among which 4 were encompassed in this systematic review (Figure I).

Records identified through Additional records through
database searching other sources
(n=1883) (n=13)
o Filters Applied:
o * Article type
.-B o Randomized control trial
] o Clinical trial
Q o Species- Human
8 Records Excluded J Records Excluded
= (n=1433) (n=2)
Records after filters applied
and removal of duplicates
(n=461)
—
v
=T9]
E Title and abstract were Screened
g (n=461)
=
C}J) Records excluded based on
title and abstract
(n=455)
v
g Full text articles assessed
T for eligibility
g s
:
=
Main reasons for exclusion:
e No fix parameters to evaluate the Records excluded based
o assessed association on full text articles
=] ¢ Multivitamin formula was used and (n=2)
‘w0 proper dosage of vitamin D was not
_‘-'3 mentioned which adds up
Q
= v
Studies included in
systemic review
(n=4)

FIGURE 1: A simplified PRISMA flow chart showing the literature search

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

This figure has been drawn with the premium version of BioRender (https://biorender.com/ accessed on October
11, 2023) with the license number XP25Y1QG2X.

Image credit: Susmita Sinha
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Two more articles congregated the enclosure principles; however, they were excluded after full-text
evaluation, as the study conducted by Dixon et al. [99] conducted a convenience survey that included a
questionnaire, and no fixed parameters were assessed. Another RCT was done by Harpenau et al. [100] in
which a multi-vitamin formula was used, and the proper dosage of vitamin D was not mentioned, which adds
confounding factors to the results to rule out any association between periodontal health and vitamin D
(Table 1).

Serial Author and L Type of )
Title in Short Reason for Exclusion
No. Year Research

2+ . .
Dixon et al. e Convenience As it includes a questionnaire for evaluation and no fixed
1 D in periodontal

(2009) [99] ) survey parameters are assessed
maintenance

Harpenau et  Effect of nutritional Randomized
2 al. (2011) supplement on periodontal controlled
[100] parameters trial

Multi-vitamin formula is being used, and proper dosage of vitamin D
is not mentioned in order to rule out any association with vitamin D

TABLE 1: Excluded articles

Study Characteristics

Three RCTs and one prospective cohort study were included. The studies were done in 2011, 2016, and 2020.
Two studies were done in Germany, one in India, and one in the USA. The age range of these studies was 18-
75 years. The number of participants included was about 18-28 in three studies; however, one study had 96
participants. Hiremath et al. [101] used different vitamin D dosages, including 2000 IU, 1000 IU, and 500 IU,
as an intervention. The Woelber et al. [102] study had a healthy diet as an intervention like Tennert et

al. [103], where a diet low in carbohydrates and rich in omega-3 fatty acids, vitamins C and D, antioxidants,
and fiber was used. In the prospective cohort study, the intervention included vitamin D supplements and
periodontal maintenance every three months [104]. Outcomes assessed included clinical parameters like
gingival scores, bleeding index, plaque index, calculus index, probing depth, clinical attachment loss (CAL),
bleeding upon probing (BOP), periodontal Inflamed surface area (PISA), furcation involvement;
microbiological parameters like total bacterial count and specific bacterial count; radiographic parameters
like alveolar crest height (ACH) and nutrient analysis. In the follow-up period, they were ranged from 8 to 48
weeks (Table 2).

2023 Shah et al. Cureus 15(10): e47773. DOI 10.7759/cureus.47773 50f 17


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Serial
No.

3

4

Author

Count
and Year Y

Tennert et

al. Germany

(2020)[103]

Hiremath
etal.
(2011)
[101]

India

Woelber et
al. (2016)
[102]

Garcia et
al. (2011)
[104]

USA

Type of . )
Age (Number Of Participants) Interventions
Research
Randomized .
) Healthy Diet; Standard
control trial 18 t0 75 (16) .
Diet
(RCT)
Group A-Vit D 2000 IU;
Group B-Vit D 10001U;
RCT 18 to 64 (96)

Group C-Vit D 5001U;
Group D-Placebo

Experiment Group:
Food régime rich in
omega-3 fatty acids,
ascorbic acid, fat-
soluble seco-sterols
such as calciferol,
Experiment Group: 23 to 70 years (10) which inhibits reactive
Control Group: 24 to 63 years (5)

Germany RCT

oxygen species, and
fiber. However, a tiny
portion of
carbohydrates
consumed; Control
Group: no modification
in diet

Mean Age (No. of patients): Vitamin
D Takers: 64 (23); Vitamin D Non-
Takers: 62 (28). Takers: Regular

consumption of Ca2*(+1,000 mg/day) and

vitamin D (3400 1U/day) as supplements,
Periodontal

Prospective  With their regular healthy diets, for above

Cohort

18 months at the time of their initial visits maintenance at 3-

and findings. Non-Takers: Not been month interval
taking either vitamin D or Ca2*

supplementation and had dietary intakes

of vitamin D and Ca2* 400 IU/day and

below 1,000 mg/day, respectively.

TABLE 2: Study characteristics of included studies

Outcome

Total bacterial
counts, aerobic and
anaerobic bacterial
count, specific
species count:
Capnocytophaga
spp., Granulicatella
adiacens,
Fusobacterium spp.,
Actinomyces spp.,
Streptococcus mitis
cluster

Serum Vitamin D

level, Serum Ca2*
level, Gingival
scores, Bleeding

Index

Plaque index,
gingival index,
probing depths,
losing clinical
bonding of tooth, and
hemorrhage during
examination probe,
especially inflamed
periodontal surface

area

Nutrient analysis
(NHANES-II and
NHANES-III) gingival
index, plaque index,
probing depth,
attachment loss (AL),
bleeding on probing,
calculus index, and
furcation
involvement,
Radiographic
assessment
(Alveolar crest
height)

Follow-
up

weeks

weeks

4 days

weeks

24

weeks
and 48
weeks

Risk of Bias in Research

Two RCTs, Tennert et al. 2020 [103] and Woelber et al. 2016 [102], had a high RoB; however, the research
conducted by Hiremath et al., 2011 [101] showed some concerns. The details of the RoB are depicted in

Figure 2 and Figure 3.
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Risk of bias domains
pt | b2 | b3 | b4 | D5 |oOv

)
S

Hiremath et al

Woelber et al . .

Study

Tennert C et al

LI O
00
0
Ll 1O

Domains: Judgement

D1: Bias arising from the randomization process. )

D2: Bias due to deviations from intended intervention. ® v

D3: Bias due to missing outcome data. =) Some concerns
D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result. . Low

FIGURE 2: Traffic light plot for risk of bias of included RCTs

RCT: Randomized control trial

Hiremath et al. 2011 [101], Woelber et al. 2016 [102], Tennert et al. 2020 [103]

Bias arising from the randomization process

Bias due to deviations from intended interventions
Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

0% 25% 50% 75% 100%

| B towisk [ someconcens [l Highrisk |

FIGURE 3: Summary plot for risk of bias of included RCTs

RCT: Randomized control trial

Hiremath et al. 2011 [101], Woelber et al. 2016 [102], Tennert et al. 2020 [103]

Results of Individual Studies

In the first study [103], at 8 weeks of follow-up, 16 participants were assessed. The results showed
statistically insignificant results in inter and intragroup comparison in terms of total bacterial count in
saliva, specific bacterial count in plaque, and aerobic and anaerobic bacterial count. Regarding species count
in plaque, a statistically significant difference was seen in the healthy faction plaque sample

of Fusobacterium spp. (p=0.03500), Streptococcus mitis group (p=0.025), Actinomyces spp. (p=0.02),

and Granulicatella adiacens (p=0.019). Considering the specific species count in saliva, a statistically
significant decrease in intragroup comparison of the diet containing low-calorie and high-roughage
consumers was observed (Table 5).

Number of
Serial  Author

Participants/  Results
No. and Year

Follow-up

Total bacterial count in plaque Aerobic and anaerobic
(median) bacterial count (median)
At baseline

Control group: 10.21/9.55
log10 CFU/mlI

2023 Shah et al. Cureus 15(10): e47773. DOI 10.7759/cureus.47773
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1

4

Tennert et
al. (2020)
[103]

Hiremath
etal.
(2011)
[101]

Woelber
etal.
(2016)
[102]

Garcia et
al. (2011)
[104]

N=16.8

weeks

N=96. 8

weeks 4 days

N=15.8

weeks

N=51. 24 and

48 weeks

Healthy diet cluster: 3.4 x 1010
CFU/mI

At 8 weeks

The control clutch was 1.8 x

1011 CFU/ mi

Healthy diet faction 1.4 x 1010
CFU/ml; P >0.05

Serum Vitamin D level

Per month analysis

Group A: 9.9116 ng/ml

Group B: 5.6248 ng/ml

Group C: 4.2743 ng/ml

Group D: 0.1156 ng/ml

Group A, B, and C: p<0.001 and
Group D: p>0.05

Plaque Index (P1) and Gingival
Index (Gl) (MeanSD)

Experiment (E) Vs. Control (C)

Week 1: PI: E: 0.77£0.52/C:
0.75+0.63 and GI: E:
1.104£0.51/C:1.01£0.14

Week 8: PI: E - 0.84£0.47/C -
0.97+0.70 and GI: E -
0.54+0.30/C - 1.22+0.17

Plaque Index: p=0.084
(Experimental Vs. Control Group

between Week 1 and 8)

Gingival Index: p<0.001
(Experimental Vs. Control Group

between Week 1 and 8)

Nutrient analysis

Mean in Takers

Daily Ca®* Intake: 1,769 mg;
Daily vitamin D intake: 1,049 U

Mean in Non-takers

2023 Shah et al. Cureus 15(10): e47773. DOI 10.7759/cureus.47773

Healthy diet assembly:

10.03/9.84 log10 CFU/mI
Fusobacterium spp. (p=0.035), Streptococcus mitis

At 8 weeks crowd (p=0.025), Granulicatella adiacens (p=0.019),

and Actinomyces spp. (p=0.02)
Control group: 9.23/8.89 log10

CFU/ml; P>0.05

Healthy diet group: 9.31/9.18
log10

Gingival scores

Mean, At baseline

Group A: 2.41+0.54

Group B: 2.39+0.57

Group C: 2.24+0.46

Group D: 2.23+0.61

At 90 day

Group A: 0.34+0.60

Group B: 0.55+0.66

Group C: 0.88+0.98

Group D: 1.89+0.64

Group A, B, and C: p<0.0001
and Group D: p>0.05

BOP and PISA Plaque Index and Gingival Index (Mean + S.D)

Experiment/Control

Week 2:
53.57+18.65/46.46+15.61 and
638.88+305.41/666.24+420.05

Week 8:
24.17+11.57/64.06+11.27 and
284.83+174.14/963.24+373.78

BOP: p=0.012

PISA: p<0.001

Gingival Index and BOP Plaque Index and Calculus Index

In Takers/Non-Takers In Takers/Non-Takers

At baseline: 0.7/1.0 and
At baseline: 0.80/0.96 and 0.20/0.25
0.70/0.75.

At 12 months: 0.4/0.6 and
At 12 months: 0.75/0.65 and 0.01/0.01
0.54/0.56

Probing depth
and Attachment

loss

In Takers/Non-

Takers

At baseline:
2.2/2.35 AND
1.8/2.0

At 12 months:
1.7/11.9 and

8 of 17


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

1.25/1.45
Daily Ca®* Consumers: 642 mg; ~ Gingival Index: Probing Depth:
Plaque Index: p<0.0001/p=0.002
Daily Vitamin D Intake: 156 U p<0.0001/p=0.002 p<0.0001/p=0.002
Attachment Loss:
p<0.0001 BOP: p<0.0001/p=0.002 Calculus Index: p<0.0001/p=0.002

p<0.0001/p=0.002

TABLE 3: Results of included studies

BOP: Bleeding upon probing; PISA: Periodontal inflamed surface area

In the second study [101], at 60 days of follow-up, 96 participants were assessed. The outcomes revealed a
statistically significant escalation in groups taking vitamin D add-ons (p<0.001) and insignificant slender
rises among those having inactive medication (sugar pill) clutch (p>0.05) in terms of serum calciferol level.
Considering the gingival scores, a statistically highly significant reduction in groups taking cholecalciferol
supplementation (p<0.0001) on subsequent visits depending on the dosage, while statistically insignificant
results were seen in the placebo-consuming folk (Table 3).

In the third study [102], at 8 weeks follow-up, 15 participants were assessed. The results showed statistically
insignificant results regarding plaque index, probing depth, and CAL. The statistically significant variance
was observed in relationships of gingival index (p<0.001) and BOP (p=0.012). The statistically highly
significant difference was seen in terms of periodontal inflamed surface area (PISA) (p<0.001) (Table 53).

In the fourth study [104], at 48 weeks follow-up, 51 participants were assessed. Overall, the non-takers had
worse clinical outcomes than the takers at baseline, and this pattern mostly continued throughout the
research. Periodontal measurements were, on average, 23%, 19.9%, and 15.6% better in takers at initial
value before intervention, 6 months, and 12 months compared to non-takers. Probing depths in healthy
gingiva typical spectrum are 1-3 mm. A penetration of more than 3 mm is imaginable for distress
apprehension [105]. Conventionally, clinical periodontal appraisal techniques involve pocket probing depth
(PPD), bleeding on probing (BOP), clinical attachment level (CAL), and radiological evaluation of the
alveolar bone volume, which are extensively utilized and recognized [106,107]. None of the clinical and
roentgenographic test results were statistically substantial in univariate analysis due to relatively large
standard deviations. While there were no significant disparities between the groups in the radiographic
measurements of variations in ACH at 6 and 12 months, X-ray optical density clients had denser bone than
non-takers (P=0.07) (Table 53).

An appropriate, well-adjusted food régime is indispensable to promote a healthy and quality life [108]. Each
component of a balanced diet has certain specified functions, and it balances the overall health. Vitamins
cover a small portion of the balanced diet chart but play an essential role [109-112]. Vitamin D promotes
bone health and has certain extended functions [113-115]. Vitamin D enhances the host immune

system [116] by reducing inflammation [117] and pathogenic microbial load, especially in the buccal cavity,
by synthesizing cathelicidin and B-defensin through activating keratinocytes, monocytes, and macrophages
of the periodontal tissues [118]. Vitamin D alters the complex metabolic pathways of pathogens, lowering
the infective microbes' metabolic activity [119-122]. As discussed by Tennert et al. 2020 [103], a diet rich in
vitamin D leads to a reduction of gingival and periodontal inflammation (Figure ), and it also alters the
composition of plaque by reducing the count of pathogenic bacteria, consecutively improving the
periodontal health [123].
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FIGURE 4: Schematic diagram showing the protective effects of vitamin
D on periodontal health

This figure has been drawn with the premium version of BioRender (https://biorender.com/ accessed on October
9, 2023) with the license number NW25YAOQJR.

Image Credit: Susmita Sinha

The anti-inflammatory action of vitamin D is well discussed in the literature. However, the relationship of
dosage or amount of vitamin D required to maintain adequate periodontal health is still not determined.
Periodontal diseases are usually multifactorial, and vitamin deficiency is a factor that could affect
periodontal health. There is no consensus about using vitamin D as a health-preventive agent for oral
health. However, research steered by Hiremath et al. [101] exhibited that the anti-inflammatory action of
vitamin D can be seen in doses 500-2000 IU. They also demonstrated that vitamin D dosage was directly
proportional to the period to achieve the anti-inflammatory effect, i.e., the higher the dosage, the earlier the
anti-inflammatory effect. Vitamin D-deficient patients can benefit from oral supplements for 2-3

months [101]. Another study reported that the ideal 25(0OH)D3 acclaimed strength in blood plasma for
osseous mass is not below 80 nmol/L for periodontic anatomical structure around 90-100 nmol/L [124].
Persistent low (>90-100 nmol/L) amounts of vitamin D aggravate periodontal disease progression resulting
in tooth loss [125,126].

The effect of vitamin D is usually thought to be limited to the development and maintenance of

bone [90,127]; however, vitamin D deficiency is associated with acute (respiratory tract infections), chronic
inflammatory and metabolic diseases like type I diabetes mellitus (T1DM), type 2 diabetes mellitus (T2DM),
insulin resistance, rheumatoid arthritis (RA), obesity, inflammatory bowel disease (IBD), Alzheimer's
disease, metabolic syndrome, cancer, osteoporosis, and cancer [128,129], which is related with periodontal
diseases [114]. In the currently available literature, there is a cornucopia of evidence on the role of vitamin D
as a potent regulator of innate immunity response (Figure 5) [130-133]. Vitamin D, when upregulated by toll-
like receptors, the cells of innate immunity produce 1,25(0H)3D?3 intracellularly, which releases cathelicidin

(A 3rd generation epithelial antimicrobial peptide) [71,134-136].
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FIGURE 5: Schematic diagram showing the role of vitamin D in innate
immunity

This figure has been drawn with the premium version of BioRender (https://biorender.com/ accessed on October
9, 2023) with the license number BE25Y9UD7X.

Image Credit: Susmita Sinha

One of the most common signs of periodontal inflammation is bleeding on probing (BOP) [137]. Periodontal
health is an absence of active periodontal inflammation, i.e., lack of bleeding or probing. Lang and Bartold
defined periodontal health originally defined as the non-existence of histological substantiation of
periodontal inflammatory condition and no affirmation of anatomical negative alteration to the
periodontium [29]. Mariotti and Hefti defined that periodontal health was often an afterthought and was
defined as the absence of the signs and symptoms of a periodontal disease. Accordingly, these strict and
sometimes disparate definitions of periodontal disease have resulted in an idealistic requirement of a
perfect periodontium for periodontal health, which makes us all diseased in one way or another [138].

A study by Garcia et al. 2011 [104] concluded that there was less BOP and less inflammation in patients
undertaking vitamin D supplements. A linear association between inflammation and vitamin D can be drawn
owing to the antimicrobial activity of vitamin D [138,139]. Vitamin D fortifications can minimize the
harshness of periodontal disease and can be used as a modest selection for maintaining periodontal

health [140]. There are numerous articles about the affiliation between vitamin D and periodontal health, so
health maintenance recommendations for vitamin D intake have been made [121,141-143]. Still, most of the
population does not meet the daily intake range [144]. Vitamin D deficiency is growing[78,145-148], and it
becomes essential to include daily vitamin D supplementation to maintain health.

The number of studies available on vitamin D's association with periodontal health is enormous. However,
the type of studies conducted has multiple interventions, which could act as confounding factors. Most
studies have small sample sizes, affecting the study's power. The parameters that are assessed and the type
of population included have huge heterogenicity, due to which meta-analysis was not carried out.
Maintaining periodontal health to maintain an individual's overall health is paramount. All available data
contemplated the potential benefits of vitamin D on periodontal health. Hence, a dietary protocol can be
adopted by clinicians to implement on the patients in daily practice. A diet rich in vitamin D can positively
affect patients' periodontal health when taken in optimum dosage.

Limitations

Although in determining the efficacy of interventions RCTs are essential research work. Nevertheless. a
shortcoming to using RCTs in population health studies is the deficiency of generalizability or subdued
outer validity. Additionally, it is frequently small and/or too short a duration for uncommon harms.
Moreover, RCTs are expensive, laborious, time-consuming, and complicated to design, implement, and
monitor [149,150]. We have selected RCTs for this systematic review. The systematic review has its inherent
trouble, such as hazards of bias, such as selection bias, insufficient blinding, abrasion bias, and selective
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outcome reportage; a discrepancy that comprises clinical or statistical heterogeneousness; and inaccuracy
that can lead to Type I and Type II errors [151].

Conclusions

There is a linear association between vitamin D and periodontal health. Yet, the association needs to be
confirmed with more longitudinal studies with larger sample sizes focusing on these two parameters. The
antimicrobial function of vitamin D is of more importance than its function on bone health maintenance
owing to the care of periodontal health. The detailed anti-microbial mechanism of vitamin D in maintaining
health needs to be studied further as the data available is discrete and non-specific. Dietary supplements are
usually limited and sparse; added vitamin D can potentially induce beneficial effects on periodontal health.
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