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INTRODUCTION  

STATEMENT OF THE PROBLEM 

Vitamin D is a group of fat-soluble prohormones, which were identified after the discovery 

of the anti-rachitic effects of cod liver oil in the early part of the 20th century. The vitamin 

found in cod liver oil was designated “D” following Vitamin A, B and C, which had been 

discovered earlier.  

Vitamin D deficiency or insufficiency is a worldwide public health issue that has been 

linked to numerous systemic disorders, including periodontal disease. There is increasing 

support from investigations that correlate periodontal health to adequate vitamin D levels. 

It is not a coincidence that populations with a high prevalence of vitamin D deficiency, 

those from northernmost latitudes and/or darker skin color, also have an elevated 

incidence of periodontal disease. Vitamin D may affect the frequency and severity of 

periodontal disease by its effects on bone metabolism and modulation of the immune 

system. Vitamin D plays a key role in linking innate and adaptive immunity by binding to 

the vitamin D receptor (VDR) in target immune cells, especially antigen-presenting cells 

(dendritic cells and macrophages). Recent studies have indicated that adequate vitamin 

D levels can suppress inflammation by reducing VDR activity. Several VDR gene 

polymorphisms (DNA sequence variations) have been reported to be associated with 

periodontal disease, and VDR ligand alteration may be of benefit in the future as 

adjunctive treatment for periodontitis. The proinflammatory response seen in bacterial 

plaque-induced periodontal disease can lead to local tissue destruction, as well as low-

grade bacteremias that may contribute to systemic disorders. Patients susceptible to such 

a chronic inflammatory state may benefit by assuring sufficient vitamin D, which could 
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improve their overall well-being. Health care practitioners must be alert to this treatable 

global health concern. 

SIGNIFICANCE 

Vitamin D supplementation may improve the periodontal clinical parameters and possibly 

prevent further damage to the periodontium. This needs to be tested in subjects with 

moderate to severe chronic periodontitis. If we can show that vitamin D supplementation 

improves the clinical parameters of periodontal health than it could be implemented as 

part of a  comprehensive periodontal treatment of this population.  

REVIEW OF THE LITERATURE 

Prevalence of Vitamin D deficiency or insufficiency 

Vitamin D deficiency/insufficiency is widely prevalent in the world, despite being for the 

most part a preventable condition. The activated form of vitamin D is crucial to bone 

mineral regulation and immunomodulation (1) and it has been implicated to have a role 

in multiple chronic conditions such as cardiovascular disease, cancer, autoimmune 

disease, musculoskeletal disorders, infectious disease, kidney disease, Alzheimer’s and 

periodontal disease. Vitamin D deficiency is defined as having a 25-hydroxyvitamin D 

[25(OH)D], or Calcidiol level less than 20 ng/ml, and Vitamin D insufficiency is defined as 

a concentration of 21 to 29 ng/ml (2). This equates to roughly a billion of the world’s 

population to be either vitamin D insufficient and/or deficient (3). It is difficult for many to 

attain adequate vitamin D levels from diet alone, and most of the population achieve 

sufficient amounts by skin exposure to sunlight (4). However, it has recently been shown 

that even in geographical regions with a year-round sunny climate, people with dark skin 
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pigmentation had significantly lower plasma [25(OH)D] levels in every season when 

compared to Caucasians (5). 

Periodontal disease 

Periodontal disease, a widespread multifactorial chronic inflammatory disease that affects 

tissues surrounding the teeth, is a host-mediated condition characterized by local tissue 

destruction as a result of  exposure to bacterial plaque and its metabolic byproducts. The 

2009-10 data from the U.S. Centers for Disease Control’s (CDC) National Health and 

Nutrition Examination Survey (NHANES) revealed that nearly 1 of every 2 in the U.S. 

aged 30 or over has a form of periodontitis and the prevalence can increase to over 70% 

in those patients aged 65 or over (6, 7). The ethnic group with the highest prevalence of 

periodontitis, at 67%, are Hispanics(6). The literature suggests that serum vitamin D 

concentrations and periodontal disease are inversely proportional (8-13). In other words, 

darker skin patients and those that live in higher latitudes have a greater prevalence of 

vitamin D deficiency and periodontal disease (14). 

Vitamin D and bone metabolism 

The active hormonal form of vitamin D, 1,25-dihydroxyvitamin D or [1,25(OH)2D] is crucial 

in carrying out essential roles involving bone metabolism, calcium and phosphate 

homeostasis. Catalysis of [25(OH)D] by the vitamin D activating enzyme, [25(OH)D]-

1alpha-hydroxylase (CYP27B1), expressed in renal proximal tubules, converts vitamin D 

into the hormonal form (15). This hydroxylation reaction typically occurs in the kidney, 

although many extrarenal sites displaying CYP27B1 activity have now been reported (16-

18). These “non-classical” extrarenal target site tissues include key immune system cells, 
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such as macrophages and dendritic cells (15, 19). CYP27B1 enzymatic activity is tightly 

regulated by parathyroid hormone (PTH), which induces CYP27B1 production and thus 

increases [1,25(OH)2D], or by increased serum [1,25(OH)2D] via fibroblast growth factor 

23 (FGF23), which suppresses renal CYP27B1 and lowers [1,25(OH)2D] (20). 

Osteocytes produce FGF23 and factors that regulate osteoblast/osteocyte differentiation, 

which in turn are responsive to serum [1,25(OH)2D] levels and skeletal loading forces 

(21). FGF23 and PTH display opposite effects on vitamin D production (22). Therefore, 

as a result of this negative feedback mechanism, [1,25(OH)2D] controls its own formation 

(activation) and also can limit PTH production and secretion. FGF23 plays a major part in 

phosphate regulation and bone remodeling.(23)  A co-receptor for FGF23, Klotho protein 

which is primarily expressed in the kidney (also found in placenta, prostate, and small 

intestine), is crucial in regulating mineral homeostasis (24, 25). Vitamin D synthesis, PTH 

secretion, and calcium/phosphate absorption are all influenced by FGF23/Klotho 

signaling pathways (26). Klotho, also referred to as the “anti-aging” gene, can affect 

cellular calcium homeostasis thru transient receptor potential (TRP) channel proteins, of 

which TRPV5 and TRPV6 are the two major transport pathways (27, 28). Major controls 

on whether Klotho is expressed in humans are vitamin D3 levels and one’s age (29). 

[1,25(OH)2D] stimulates intestinal absorption of calcium and phosphate through binding 

to the VDR, a nuclear receptor (NR) protein expressed in most tissues and cells of the 

body (30). Retinoic X  receptor (RXR), a nuclear receptor that act as a ligand-dependent 

transcription factor, can function as a heterodimer with other NR, such as the VDR (31). 

This protein dimer complex (VDR-RXR) then binds to vitamin D sensitive components in 

the genetic regions directly controlled by [1,25(OH)2D].(32) VDR-RXR can then control 
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DNA transcription responsible for the normal functions of vitamin D, which includes bone 

homeostasis thru calcium and phosphate absorption (33). Consequently, calcium and 

bone homeostasis are very closely related via intracellular calcium ion signaling (34). 

Regulation of bone metabolism and remodeling also requires the understanding of the 

receptor activator of nuclear factor-kB (RANK)/RANK ligand (RANKL)/osteoprotegerin 

(OPG) pathway system. RANKL and OPG are transmembrane proteins that are part of 

the tumor necrosis factor (TNF) superfamily.(35) RANKL from osteoblasts binds to its 

receptor RANK, found on preosteoclasts.(36) This process regulates the formation of 

mature multinucleated osteoclasts. Dendritic cell-specific transmembrane protein (DC-

STAMP) also plays an essential role in osteoclastogenesis (37). Osteoclast development 

is dependent upon cell-to-cell fusion to become multinucleated, and only then are they 

effective in resorbing bone (38). Osteoclasts, along with macrophages and dendritic cells, 

share a common monocytic cell progenitor (39). Monocyte precursor cells, under the 

influence of RANKL and macrophage colony-stimulating factor (M-CSF), fuse to form 

osteoclasts. Over 20 years ago, Udagawa et al. showed osteoclastogenesis from 

monocytes and macrophages in the presence of bone marrow cells, [1,25(OH)2D}, and 

dexamethasone.(40) Subsequently, Rivollier et al,  demonstrated osteoclast formation 

from dendritic cells within a new distinct pathway (41). Recently, the same research group 

revealed that dendritic cells are genetically more related to osteoclasts than monocytes 

are, and that a possible explanation for this is that dendritic cells express higher levels of 

RANK (42). In osteopetrotic oc/oc mice (animal with inactive osteoclasts that cannot 

resorb bone), Wakkach et al. proved osteoclast differentiation from dendritic cells in vivo 

(43). Activated osteoclasts can resorb bone and elevate blood calcium/phosphate levels, 
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which in turn acts as a feedback mechanism to ensure adequate osseous mineralization. 

OPG from osteoblasts helps to preserve bone by binding to RANKL (36). This prevents 

RANKL/RANK binding, which therefore inhibits osteoclast formation and ensuing bone 

resorption. Accordingly, the RANK/RANKL/OPG pathway is an important component in 

determining bone mass and skeletal mineralization. 

Renal and extra-renal metabolism of vitamin D. The vitamin D-activating enzyme 25-

hydroxyvitamin D (25OHD)-1a-hydroxylase (CYP27B1) is expressed in the kidney 

proximal tubules. Renal CYP27B1 is induced by parathyroid hormone (PTH), and 

converts 25OHD to 1,25-dihydroxyvitamin D (1,25(OH)2D). The latter is released into the 

blood stream and also induces renal vitamin D-24-hydroxylase (CYP24A1) activity, 

leading to feedback synthesis of the less active metabolites, 1,24,25-trihydroxyvitamin D 

(1,24,25(OH)3D) and 24,25-dihydroxyvitamin D (24,25(OH)2D). Raised serum 

1,25(OH)2D acts on distal target organs to suppress synthesis of PTH by the parathyroid 

glands; modulate bone-forming osteoblasts (OB) and bone-resorbing osteoclasts (OC) in 

the skeleton, and enhance phosphate and Ca uptake in the intestine. 1,25(OH)2D also 

stimulates expression of fibroblast growth factor 23 (FGF23), which suppresses renal 

CYP27B1 activity. Documented extra-renal sites for expression of CYP27B1 are shown, 

along with putative actions of locally synthesized 1,25(OH)2D within these tissues.  

Vitamin D and immunomodulation 

Vitamin D plays a pivotal role in modulation of both innate and adaptive immunity (15, 44, 

45). Vitamin D is an under recognized coordinator linking innate and adaptive immune 

responses (46). Studies have shown that cells from the immune system contain all the 
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machinery needed to convert calcidiol to calcitriol, promote antimicrobial responses to 

pathogens in macrophages, and regulate the maturation of antigen-presenting DC’s. T-

cells also exhibit direct responses to calcitriol, notably the development of suppressor 

regulatory T-cells, proving that vitamin D is a key factor linking innate and adaptive 

immunity (15). 

Plasma levels of Vitamin D 

Within hours vitamin D is removed from the circulation and reappears again a few hours 

later as 25(OH) D. Measurements of vitamin D therefore are not useful to judge the 

vitamin D status of man. Plasma concentrations of 25-hydroxyvitamin D (25(OH)D) are 

the best markers of imminent or existing vitamin D deficiency.  Vitamin D blood test 

measures the quantity of 25-hydroxyvitamin D [25(OH)D], or Calcidiol, or inactive vitamin 

D in the circulating blood. Serum concentrations of 25(OH)D are reported in both 

nanomoles per liter (nmol/L), and nanograms per milliliter (ng/mL), where 1 nmol/L = 0.4 

ng/ml (2-4).  

Nutritionists and endocrinologists have a slightly different inactive vitamin D level cut off 

to determine deficiency, inadequacy, sufficiency, and potential over dosage. In general, 

guidelines from the endocrinology community are widely accepted. If the calcidiol blood 

level is less than 30 nmol/L (or 12 ng/ml), it is categorized as deficient, which could lead 

to rickets in infants and children, and osteomalacia in adults. If 25(OH)D blood level is 

between 31–49 nmol/L (or 13–19 ng/ml), it is deemed as inadequate for bone and overall 

health in healthy individuals. If inactive vitamin D level is more or equal to 50 nmol/L (or 

20 ng/ml), it is classified as adequate for bone and overall health in healthy individuals. 
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However, calcidiol blood levels of more than 150 nmol/L (or 60ng/ml) links potential 

adverse effects according to emerging research (2-4, 7, 30, 46). 

 

Fig 1. Calcidiol serum levels to define vitamin D deficiency/insufficiency recommended 

by the Endocrine society. Image courtesy of Fernando Mogrovejo, Vitamin D 

deficiency/insufficiency. 

Ultraviolet radiation in vitamin D formation 

Wave length 

Ultraviolet radiation from sun exposure involves three types: ultraviolet A (UVA), which 

ranges from 320nm to 400nm; ultraviolet B (UVB), which ranges from 290nm to 320nm; 

and ultraviolet C (UVC), ranging from 100nm to 290nm. The optimum wavelength range 

for the production of vitamin D is between 295 and 300 nm, decreasing significantly above 

300mn. The wavelength 290-297nm has the greatest erythema effect on the human body 

with a steep decrease above 297nm. Minimal Erythema Dose (MED) is the minimum 

amount of UVB that produces skin redness 24hs after exposure, amount that needs to be 

well evaluated to avoid skin lesions occasioned by therapeutic measurements. The 

stronger the radiation is under certain limits, the longer the exposure duration is under 
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certain limits, the larger the body exposure area is, the more the amount of vitamin D can 

be produced (49).  

Time of exposure 

Exposure to ultraviolet radiation varies among individuals, and as previously mentioned, 

factors as skin type, latitude, time of day, etc. have a direct incidence on the amount of 

exposure time recommended. Hence, individualized therapeutic dosages accounting for 

all the variables should be given (49). 

Sources of vitamin D 

Natural sources 

The main source of vitamin D is sun exposure, where about 0.5 MED of UVB radiation 

would be absorbed through arms and legs after an average of 5 to 10 minutes of exposure 

(depending on the time of day, season, latitude, and skin sensitivity) to direct sunlight. 

Another natural source is through the diet, with many food products containing vitamin D 

precursors, such as wild and farmed salmon, cod liver oil, tuna, etc. (47).  

Fortified foods 

Due to limited sources of vitamin D precursors on natural occurring food products, many 

fortified items can be found. Although these products have significantly lower amounts of 

vitamin D precursors, fortified foods, if ingested frequently enough, plus habitual exposure 

to ultraviolet radiation can suffice to maintain healthy levels of vitamin D(47).  
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Vitamin D synthesis 

Renal 

There are two major biologically precursors of vitamin D: vitamin D3 (cholecalciferol) & 

vitamin D2 (ergocalciferol). Vitamin D3 is formed when 7-dehydrocholesterol in the skin 

is sun exposed (UVB, 290-320 nm), then converted to pre-vit D3, which is immediately 

converted to vitamin D3. Both vitamin D2+D3 resulting from exposure to sunshine & diet 

are converted to 25-hydroxyvitamin D [25(OH)D] (calcidiol) when they enter the liver. 

25(OH)D is the major circulating form of vitamin D. Additional hydroxylation in the kidneys 

by CPY27B1 is needed to form active 1,25-dihydroxyvitamin D [1,25(OH)2D] (calcitriol). 

Excess UVB rays transform previtamin D3 into biologically inactive metabolites, 

tachysterol and lumisterol (15, 16, 25).  
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Fig 2. depicts a summary of vitamin D renal synthesis, disease, and maintenance of 

health. Image courtesy of Wikipedia Australia, taken from the web under images labeled 

for noncommercial use 

 

Extra renal 

Extra renal synthesis of 1,25(OH)2D is synthesized by extra-renal CYP27B1, and occurs 

in the placenta, macrophages, dendritic cells, colonic epithelial cells, osteoblasts, 

pancreatic islets, breast epithelial cells, keratinocytes, cerebellum, cerebral cortex, 

adrenal medulla, parathyroid gland, ovary, and hair follicles. For instance, in monocytes 

during sarcoidosis, macrophages from disease-affected tissues are shown to act as an 

extra-renal source for calcidiol synthesis. Alternatively, in the placenta, placental enzyme 

CYP27B1 is induced during the early stages of pregnancy in both decidua and 

trophoblastic cells but declines in the third trimester (15, 25). 

 

Causes of vitamin D deficiency 

UVB-related deficiency 

UVB-related deficiency mainly occurs in the elderly, where decreased presence of skin 

7-dehydrocholesterol is frequent, besides the fact of being less prone to sun exposure 

later in life. Dark skinned individuals have more quantity of melanin, which competes with 

7-dehydrocholesterol for absorption of ultraviolet B (UVB) photons in the skin. (2-4, 7, 30, 

46) 
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In addition, factors such as seasonal weather, latitude or time of day are paramount 

considerations when taking advantage of sun exposure. White individuals would benefit 

of sun exposure at latitudes, and seasons where a Latin-American population would not 

have any incidence to the ultraviolet ray exposure (2-4, 7, 30, 46).  

Medical/physical condition-related 

Fat malabsorption can be easily influenced by a variety of conditions, and since vitamin 

D requires dietary fat in the gut for absorption, vitamin D malabsorption is related to 

diseases such as Crohn’s disease, cystic fibrosis, celiac disease. These conditions 

required surgical removal of a part of the stomach and/or intestine, making this individuals 

prone to  fat malabsorption and to vitamin D deficiency (47).  

Furthermore, medicaments such as anticonvulsants that alter the catabolism of 1,25-

dihydroxyvitamin D diminish the quantity of inactive vitamin D, which has a negative 

incidence on vitamin D levels (47).  

Chronic kidney disease directly affects the amount of vitamin D levels in the blood, as the 

kidney plays a key role synthesizing vitamin D, where deficiency of 1,25-dihydroxyvit D, 

1,25-dihydroxyvitamin D3 is needed to maintain calcium level in blood as well as to control 

parathyroid hormone levels. Lastly, obese subjects have a lower 25-hydroxyvitamin D 

reservoir level in their subcutaneous fat, resulting in less release of vitamin D from the 

skin (47). 
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Skin types 

In order to accurately designate a person skin type, the Fitzpatrick skin type chart guides 

the medical community. This chart uses a variety of questions, and depending on the 

answer certain number of points are assigned,  at the end, the points are added, and the 

total amount of points will be compared to the suggested amount of the chart, which in 

turn would assigned the subject to the right skin type (48). 

 

  

Eye Colour 0. Light colours 1. Blue, gray or green 2. Dark 3. Brown 4. Black

Natural hair color 0. Sandy red 1. Blond 2. Chesnut or dark blond 3. Brown 4. Black

Skin colour (unexposed areas) 0. Reddish 1. Pale 2. Beig or live 3. Brown 4. Dark brown

Freckles (unexposed areas) 0. Many 1. Several 2. Few 3. Rare 4. None

If you stay in the sun too long? 0. Painful blister, peeling 1. Mild blisters, peeling 2. Burn, mild peeling 3. Rare 4. No burning

Do you turn brown? 0. Never 1. Seldom 2. Sometimes 3. Often 4. always

How brown do you get? 0. Never 1. Light tan 2. Medium tan 3. Dark tan 4. Deep tan

Is your face sensitive to the sun? 0. Very sensitive 1. sensitive 2. Sometimes 3. Resistant 4. Never have a problem

How often do you tan? 0. Never 1. Seldom 2. Sometimes 3. Often 4. Always

When was your last tan? 0. >3 months ago 1. 2-3 months ago 2. 1-2 months ago 3. wekks ago 4. Days ago
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Fig 3 and 4. Various skin types with questions on sun exposure, adapted from 

Fitzpatrick skin type (48) 

Score Skin type Aproximate skin color

0-6 points Type I

7-13 points Type II

14-20 points Type III

21-27 points Type IV

28-34 points Type V

≥35 ponts Type VI
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Vitamin supplementation 

Once deficiency or insufficiency of vitamin D has being achieved (less than 20ng/ml), 

vitamin D supplementation is recommended. A strong dosage of 50000 international units 

(IU) of D2 or D3 per week, for eight weeks, plus maintenance therapy is the recommended 

therapy prescribed by the American Association of Clinical Endocrinologist. Maintenance 

therapy varies, and it can be 50000 IU of D2 or D3 every two weeks, 1000 to 2000 IU of 

D3 or D2 daily, or simply sunlight exposure, and recheck plasma levels in three to six 

months. A great number of studies revealed that without adequate sunlight exposure, 

children and adults require approximately 800-1000IU/day (51). 

 

Fig 5. Dosage of vitamin D needed to transform from vitamin D deficiency to sufficiency. 

Image courtesy of Fernando Mogrovejo, Vitamin D supplementation. 

Vit D deficiency
25(OH)D <20ng/ml

30.000 
IU/2ws 2.000 IU/day Sunlight 

exposure

4.000 IU/daily 
D2 or D3/8ws
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Contraindications to sun exposure and/or vitamin D supplementation 

Individuals who develop headaches, nausea, vomiting, or rise of temperature to 

ultraviolet radiation should limit their exposure to sunlight.  Sensitive skin individuals 

may react strongly to UV rays, especially light-skinned people (skin type 1 & 2 

according to the Fitzpatrick scale). Drugs can make individuals more susceptible to 

ultraviolet sun exposure, drugs such as Sulphonamides, insulin, thyroid extract, 

therefore UVB radiation should not be used in conjunction with these drugs. In addition, 

an area recently subjected to X-rays is not suitable for UVB treatment since it may 

cause carcinoma of the skin. Furthermore, UV exposure may cause aggravation of 

certain conditions such as, Eczema, dermatitis, and pulmonary TB (47). 

Management of systemic diseases with vitamin D supplementation 

Studies have been conducted over the past 2 decades into the effects of vitamin D on 

disease management and prevention; vitamin D deficiency is associated with the marked 

suppression in intestinal absorption of calcium, and the impairment of the balance of 

calcium in circulating blood. Extensive review of the literature has pointed out that the 

treatment and/or prevention of systemic diseases with vitamin D supplementation has not 

been successful due to an inadequate amount of vitamin D supplementation (3, 33, 47, 

50). 

Osteoporosis 

Statistical analyses reveal that 33% of women aged 60 to 70, and 66% over 80 years 

old have osteoporosis, hence the link between vitamin D deficiency and osteoporosis 

has been well established especially in the elderly. Low bone mass density (BMD) 
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increases the risk of fractures, which is the case of individuals that have osteoporosis, 

making morbidity and mortality in this population susceptible as well (4, 47, 50). 

Muscle weakness 

Skeletal muscle tissue contains vit D receptors, and requires vit D to accomplish its 

maximum function. Well known is the need of calcium for muscle contraction and since 

calcium needs vitamin D to be completely metabolized, it makes vitamin D crucial for 

proper muscle function (4, 47, 50).  

Prevention of systemic diseases with vitamin D supplementation 

Cancer 

Vit D is one of the most potent hormones for regulating cell growth, and many cell types 

contain vitamin D receptors. These receptors are activated by calcitriol, which induces 

differentiation into normally functioning cells, and inhibit proliferation, invasiveness, 

angiogenesis, and metastatic cellular tendencies. A protective relationship between 

sufficient vitamin D and lower risk of cancer has been well documented (47, 50). 

Diabetes  

By 1980, it was well known that vitamin D deficiency inhibits pancreatic secretion, and 

insulin turnover, resulting in impaired glucose tolerance in diabetic patients. Many 

reports show prevention of diabetes type I on children of up to 80%, as well as an 

association of up to a 33% lower risk of type II in adult women. (47, 50). 
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Health maintenance and vitamin D supplementation 

Improved quality of life is one of the major benefits of vitamin D supplementation This 

includes potential effects in periodontal disease, which is the leading cause of tooth lost, 

which has a great impact in the intake of nutrients. Seasonal affective disorder (SAD) or 

winter depression has been closely linked to vitamin D deficiency, negatively affecting 

the indices of suicide in the compromised population. SAD, known as well as winter 

depression, has been successfully treated with vitamin D. However, in addition to acute 

depression, brain development and proper brain function have also been shown to be 

linked to vitamin D deficiency. These include  proteins involved in learning and memory, 

motor control, and possibly, maternal and social behavior, with a negative impact (3, 4, 

47, 50). 
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Fig 6. depicts a summary of vitamin D and its roll in health, disease, and maintenance of 

health. Image courtesy of nutritionfacts.org, taken from the web under images labeled 

for noncommercial use 

Specific molecular and signaling events by which vitamin D inhibits 
inflammation 

Vit D immune regulation has been extensible studied, we are going to elaborate on a 

couple of pathways where vit D and inflammation have been linked. Researchers have 

identified a location where the vitamin-D receptor appears to bind directly to DNA, and 

activate a gene known as mitogen-activated protein kinase phosphatase 1 (MKP-1). 

MKP-1 interferes with the inflammatory cascade triggered by LPS, which includes a 

molecule known as p38, and results in reduced levels of IL-6 and TNF-alpha. Up 

regulation of MKP-1 by vitamin D inhibits LPS activation, and cytokine production in 

monocytes/macrophages (52). Furthermore, the kynurenine pathway has been related to 

vit D immune modulation, this pathway utilizes tryptophan, which is one of the essential 

amino acids (53). 

Current knowledge, summary, deficiencies and significances of the 
unknown 

Vitamin D deficiency/insufficiency is a worldwide public health issue that has been 

linked to numerous systemic disorders, including periodontal disease. There is 

increasing support from scientific evidence that correlates periodontal health to 

adequate vitamin D levels. Vitamin D may affect the frequency and severity of 

periodontal disease by its effects on bone metabolism and modulation of the immune 
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system. Vitamin D plays a key role in linking innate and adaptive immunity by binding to 

the vitamin D receptor (VDR) in target immune cells, especially antigen-presenting cells 

(dendritic cells, macrophages). Recent studies have indicated that adequate vitamin D 

can suppress inflammation by reducing VDR activity. Several VDR gene polymorphisms 

(DNA sequence variations) have been reported to be associated with periodontal 

disease, and VDR ligand alteration may be of benefit in the future as adjunctive 

treatment for periodontitis. The proinflammatory response seen in bacterial plaque-

induced periodontal disease can lead to local tissue destruction, as well as low grade 

bacteremias that may contribute to systemic disorders. Patients susceptible to such a 

chronic inflammatory state may benefit by assuring sufficient vitamin D, which could 

improve their overall well-being. Current literature highlights the need of new studies 

that address vitamin D deficiency or insufficiency with an accurate supplement dosage 

in order to rightly assess its benefits.  

PURPOSE  

The objective of this double blinded randomized placebo controlled clinical trial is to 

determine the periodontal effects of vitamin D supplementation on adult subjects with 

untreated moderate to severe chronic periodontitis. 

SPECIFIC AIMS / HYPOTHESES  

Specific aim 

To test the hypothesis that vitamin D supplementation leads to a clinically significant 

reduction in inflammatory periodontal parameters. 
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MATERIALS AND METHODS  

Experimental Overview  

This double-blind placebo-controlled RCT of vitamin D supplementation enrolled dark skin 

(skin type IV – VI according to Fitzpatrick 1988) patients with moderate to severe chronic 

periodontitis (Table 1). The severity of disease was assessed accordingly to the American 

academy of periodontology (AAP) guidelines. Subjects were classified as having slight 

periodontitis when the clinical attachment loss (CAL) equaled 1-2mm, moderate 

periodontitis when the CAL was 3-4mm, and severe periodontitis when the CAL 

measured ≥5mm. The subjects that where diagnosed as having moderate to severe 

periodontitis where enrolled. This is a small pilot study and we enrolled n=7 subjects for 

one of two treatments: 4,000 IU vitamin D supplementation daily per two months (n=5) or 

placebo control (n=2). All the clinical periodontal parameters, except mobility (one per 

tooth), were assessed on six tooth surfaces (mesial, mid, and distal of buccal and lingual) 

of every single tooth of every subject. The inclusion criteria was as follows; at least 

eighteen years old, dark skinned and radiographic evidence of moderate to severe 

periodontitis. Subjects with HIV, uncontrolled systemic disease, pregnant, or 

vitamin/mineral intake were excluded. 

PD, CAL, BOP, PI, GI, mobility, and recession 

All the clinical periodontal parameters were measured with standardized Hu-Friedy 

periodontal probes (UNC-15mm periodontal probe) by two calibrated clinicians (third year 

periodontal residents from the Dental College of Georgia at Augusta University). The 

parameters were taken as follows: 
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For the probing depth (PD) the periodontal probe was introduced at each one of the above 

mentioned surfaces measuring from the bottom of the pocket to the free gingiva margin. 

For the recession the periodontal probe is used to measure the distance from the 

cementum enamel junction (CEJ) to the free gingival margin, this measurement is the 

only one that can be positive or negative. The CAL was automatically measured by the 

dental software Axium, subtracting (when the recession was a negative value) from their 

respective PD’s, or adding (when the recession was positive) to their respective PD’s. For 

the bleeding on probing (BOP) the periodontal probe was introduced at the surfaces, if 

blood was clinically observed, the surface was marked as positive for BOP, if no bleeding 

was detected then no mark was recorded. The mobility was assessed using one rigid 

instrument against the buccal surface, another one against the lingual surface of each 

tooth, and applied bucco-lingual pressure, if mobility was detected, the surface was 

marked as positive for mobility, if no mobility was seen then no mark was recorded. The 

plaque index (PI) was recorded by clinically observing the tooth surfaces, if plaque was 

detected a plus (+) mark was placed on the related surface, if no plaque was found then 

no mark was assigned. The gingival index (GI) was recorded by clinically observing the 

gingival surfaces, if clinical signs of inflammation (pain to periodontal probe contact, 

redness, swelling) were present the surface received a plus (+) mark, if not signs of 

inflammation where detected the surface was left unmarked. 
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Fig 7. Periodontal health with no signs of inflammation depicted. Image courtesy of 

Fernando Mogrovejo, periodontal health 
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Fig 8 and 9. Periodontitis with signs of inflammation depicted. Image courtesy of 

Fernando Mogrovejo, chronic periodontitis 

STUDY PROCEDURES 

The eligible subjects were assigned to a specific group by random assignment in one of 

the following two groups:  

1. Group 1 received placebo. 

2. Group 2 received 4,000 IU vitamin D every day for eight weeks.  

• The screening visit  

At the dental clinic, a quick dental assessment and X-rays were obtained to confirm 

eligibility, inclusion/exclusion criteria. If the subject was deemed eligible, the subject was 

given informed consent form. 
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• Visit 1 (baseline) 

Approximately 80 ml of venous blood was collected for future studies. A comprehensive 

assessment of the dietary habits, tobacco use, sun exposure, physical activity, socio-

economic status and family health history was performed with validated questionnaires.  

A bottle of 30 capsules containing either vitamin D or placebo were given to the subjects 

and subjects were asked to take one capsule every day for next month until the second 

visit. At the dental clinic, full mouth clinical measurements (periodontal probing) were 

performed. 

• Visit 2 

A month later, the Vit D supplements were replenished, compliance was assessed, and 

subjects were examined for any potential side effects.  

• Visit 3 

At 8-week follow up, blood samples were measured and the subject were assessed for 

clinical improvement in the periodontitis. 
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Fig 10.Flowchart of detailed experimental methodology. Image courtesy of Fernando 

Mogrovejo, methodology 

 

 

Specific aim 

The first specific aim is to test the hypothesis that vitamin D supplementation leads to a 

clinically significant reduction in inflammatory periodontal parameters. 

 

Detailed Methodology 

Statistics: repeated measures analysis was used to examine the effect of the between 

factor (group) and the within factor (exam) for each clinical parameter.  Thus, we 
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compared the two groups (Vitamin D supplementation and placebo) at each of the two 

exams: base line (BL), and eight weeks of supplementation (8wk/supp).  We also 

evaluated the change in each parameter across the three exams, separately for each 

group. The following clinical parameters were considered: clinical attachment loss (CAL), 

bleeding on probing (BOP), gingival index (GI), mobility (MOBIL), plaque index (PI), 

probing depth (PD), and recession (REC).  Mixed-effects regression models (MRMs) 

were used to perform the repeated measures analysis; the advantage of MRMs is that 

they make use of all available data.  Because of the exploratory nature of the study, no 

adjustment was made for multiple testing.  Descriptive statistics at each time point within 

each group are reported as least squares mean (LSM) ± standard error (SE) obtained 

from the MRM analysis. Separate analyses were performed after averaging the clinical 

parameter values for each of six points (DB, BB, MB, DL, LL, ML) across all 32 teeth, 

excluding any teeth that were missing.  All statistical tests were two-tailed and were 

performed at the 0.05 level of significance.  All statistical analyses were carried out using 

SAS 9.4 (SAS Institute, Inc., Cary, NC, 2012).  
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Results 

The least squares mean (LSM) and standard error (SE) are provided in Table 1 for each 

clinical parameter at each exam within each group.  
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Table 1. Comparison of Baseline vs. 8 Weeks of Supplementation 

 
Clinical  
Parame- 
ter 
 

 
Group 

 
Exam 

 
n* 

 
LSM  

 
SE 

 
p-Value for 
Compari- 

son of 
Treatment 

Groups 
 

 
p-Value for 
Comparison 
vs. Baseline 

  

 
CAL 

 
Vitamin D 

 
Baseline 

 
5 3.41 0.43 

 
0.350 

 
--- 

  

  
Placebo 

 

 
Baseline 

 
2 4.23 0.67 

 
--- 

 
--- 

 
 

 
Vitamin D 

 
8wk/supp 

 
5 3.55 0.43 

 
0.578 

 
0.307 

  
Placebo 

 

 
8wk/supp 

 
2 4.03 0.67 

 
--- 
 

 
0.371 

 
BOP 

 
Vitamin D 

 
Baseline 

 
5 0.65 0.13 

 
0.823 

 
--- 

  

  
Placebo 

 

 
Baseline 

 
2 0.59 0.21 

 
--- 

 
--- 

  
Vitamin D 

 
8wk/supp 

 
5 0.62 0.13 

 
0.659 

 
0.828 

  
Placebo 

 

 
8wk/supp 

 
2 0.74 0.21 

 
--- 
 

 
0.486 

 
GI 

 
Vitamin D 

 
Baseline 

 
5 0.85 0.12 

 
0.556 

 
--- 

  

  
Placebo 

 

 
Baseline 

 
2 0.99 0.19 

 
--- 

 
--- 

 
 

 
Vitamin D 

 
8wk/supp 

 
5 0.55 0.12 

 
0.081# 

 
0.048# 

  
Placebo 

 

 
8wk/supp 

 
2 1.00 0.19 

 
--- 
 

 
0.939 

        

*Number of subjects who had data at that exam. #p < 0.10 
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Table 1, cont. 

 
Clinical  
Parame-
ter 
 

 
Group 

 
Exam 

 
n* 

 
LSM  

 
SE 

 
p-Value for 
Compari-

son of 
Treatment 

Groups 
 

 
p-Value for 
Comparison 
vs. Baseline 

  

 
MOBIL 

 
Vitamin D 

 
Baseline 

 
5 0.01 0.02 

 
0.391 

 
--- 

  

  
Placebo 

 

 
Baseline 

 
2 0.05 0.04 

 
--- 

 
--- 

  
Vitamin D 

 
8wk/supp 

 
5 0.04 0.02 

 
0.415 

 
0.341 

  
Placebo 

 

 
8wk/supp 

 
2 0.08 0.04 

 
--- 
 

 
0.560 

 
PI 

 
Vitamin D 

 
Baseline 

 
5 0.90 0.06 

 
0.897 

 
--- 

  

  
Placebo 

 

 
Baseline 

 
2 0.92 0.10 

 
--- 

 
--- 

 
 

 
Vitamin D 

 
8wk/supp 

 
5 0.84 0.06 

 
0.210 

 
0.314 

  
Placebo 

 

 
8wk/supp 

 
2 1.00 0.10 

 
--- 
 

 
0.445 

 
PD 

 
Vitamin D 

 
Baseline 

 
5 3.44 0.23 

 
0.141 

 
--- 

  

  
Placebo 

 

 
Baseline 

 
2 4.17 0.37 

 
--- 

 
--- 

 
 

 
Vitamin D 

 
8wk/supp 

 
5 3.55 0.23 

 
0.172 

 
0.569 

  
Placebo 

 

 
8wk/supp 

 
2 4.22 0.37 

 
--- 
 

 
0.877 

*Number of subjects who had data at that exam. #p < 0.10 
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Table 1, cont. 

 
Clinical  
Parame-
ter 
 

 
Group 

 
Exam 

 
n* 

 
LSM  

 
SE 

 
p-Value for 
Compari-

son of 
Treatment 

Groups 
 

 
p-Value for 
Comparison 
vs. Baseline 

  

 
REC 

 
Vitamin D 

 
Baseline 

 
5 -0.04 0.25 

 
0.672 

 
--- 

  

  
Placebo 

 

 
Baseline 

 
2 0.17 0.40 

 
--- 

 
--- 

  
Vitamin D 

 
8wk/supp 

 
5 0.00 0.25 

 
0.808 

 
0.804 

  
Placebo 

 

 
8wk/supp 

 
2 -0.12 0.40 

 
--- 
 

 
0.309 

*Number of subjects who had data at that exam. 

#p < 0.10 

Fig 11. Depicts clinical attachment loss in all studied subjects based on their vitamin D 

supplementation random assignment. On average, at base line, placebo subjects had a 

worse average attachment lost of 4.23mm (±0.67mm) when compared to vitamin D 

supplemented subjects of 3.41mm (±0.43mm). This difference, however, did not reach 

statistical significance (p=0.35).  When evaluated after eight weeks of supplementation, 

placebo subjects continue to show more advanced attachment lost of 4.03mm 

(±0.67mm), however, this was not statistically significant when compared to baseline 

values (p=0.37). Similarly, Vit D supplemented subjects showed more advanced 

attachment loss of 3.55mm (±0.43mm), but this difference also showed not to be 
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statistically significant (p=0.31).  Finally, when comparing both groups after eight weeks 

of supplementation, clinical attachment loss had no significant change (p=0.58).  

 

Fig 11. Shows comparison of clinical attachment loss between placebo and vitamin D 

supplemented subjects at base line, and after eight weeks of supplementation, as well 

as the comparison among placebo subjects between base line and after eight weeks of 

supplementation, and finally among vitamin D supplemented subjects between base 

line and after eight weeks of supplementation. 

Fig 12. Depicts the bleeding upon probing in all studied subjects based on their vitamin 

D supplementation status after randomization. On average, at base line, placebo subjects 

had worse average scores of bleeding on probing of 0.59 (±0.21) when compared to 
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vitamin D supplemented subjects scores of 0.65 (±0.13). This difference, however, was 

not statistically significant (p=0.82). When evaluated after eight weeks of 

supplementation, placebo subjects continue to show worse average scores of bleeding 

on probing of 0.74 (±0.21), however, this was not statistically significant when compared 

to baseline values (p=0.49). After eight weeks, Vit D supplemented subjects showed 

better scores of bleeding on probing when compared to baseline with an average of 0.62 

(±0.13), but this difference showed to be not statistically significant (p=0.83). When 

comparing both groups after eight weeks of supplementation, the bleeding on probing 

had no significant difference (p=0.66).  
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Fig 12. Shows comparison of bleeding on probing between placebo and vitamin D 

supplemented subjects at base line, and after eight weeks of supplementation, as well 

as the comparison among placebo subjects between base line and after eight weeks of 

supplementation, and finally among vitamin D supplemented subjects between base 

line and after eight weeks of supplementation. 

 Fig 13. Depicts the mobility in all studied subjects teeth based on their vitamin D 

supplementation status after randomization. On average, at base line, placebo subjects 

had worse average mobility scores of 0.05 (±0.04) when compared to vitamin D 
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supplemented subjects scores of 0.01 (±0.02). This difference, however, did not reach 

statistical significance (p=0.39).  When evaluated after eight weeks of supplementation, 

placebo subjects continue to show worse mobility scores of 0.08 (±0.04); however, this 

was not statistically significant when compared to baseline values (p=0.56). Vit D 

supplemented subjects showed more  mobility when comparing baseline to eight weeks 

of supplementation, with an average off 0.04 (±0.02), this difference showed not to be 

statistically significant (p=0.34). When comparing both groups after eight weeks of 

supplementation mobility had no significant difference (p=0.42).  
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Fig 13. Shows comparison of mobility between placebo and vitamin D supplemented 

subjects at base line, and after eight weeks of supplementation, a well as the 

comparison among placebo subjects between base line and after eight weeks of 

supplementation, and finally among vitamin D supplemented subjects between base 

line and after eight weeks of supplementation. 

 Fig 14. Depicts the plaque index scores in all studied subjects based on their vitamin D 

supplementation status after randomization. On average, at base line, placebo subjects 

had higher average plaque index scores of 0.92 (±0.10) when compared to vitamin D 

supplemented subjects scores of 0.90 (±0.06). This difference, however, did not reach 

statistically significance (p=0.90).  When evaluated after eight weeks of 

supplementation, placebo subjects continue to show a higher plaque index scores of 

1.00 (±0.10), however, this change was not statistically significant when compared to 

baseline values (p=0.45). After eight weeks Vit D supplemented subjects showed lower 

plaque index scores when comparing baseline to eight weeks of vitamin D 

supplementation scores, with an average of 0.84 (±0.06); this difference showed not to 

be statistically significant (p=0.31). When comparing both groups after eight weeks of 
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supplementation the plaque index scores showed no significant difference (p=0.21). 

 

 Fig 14. Shows comparison of plaque index between placebo and vitamin D 

supplemented subjects at base line, and after eight weeks of supplementation, as well 

as the comparison among placebo subjects between base line and after eight weeks of 

supplementation, and finally among vitamin D supplemented subjects between base 

line and after eight weeks of supplementation. 

 

Fig 15. Depicts probing depths in all studied subjects based on their vitamin D 

supplementation status after randomization. On average, at base line, placebo subjects 
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had a deeper average probing depth of 4.17mm (±0.37mm) when compared to vitamin 

D supplemented subjects of 3.44mm (±0.23mm). This difference, however, did not 

reach statistical significance (p=0.14). When evaluated after eight weeks of 

supplementation, placebo subjects continue to show deeper probing depths of 4.22mm 

(±0.37mm); however this was not statistically significant when compared to baseline 

values (p=0.88). After eight weeks Vit D supplemented subjects showed deeper probing 

depths of 3.55mm (±0.23mm), but this difference also showed not to be statistically 

significant (p=0.57).  Finally, when comparing both groups after eight weeks of 

supplementation, probing depths did not differ significantly (p=0.17). 
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Fig 15. Shows comparison of probing depth between placebo and vitamin D 

supplemented subjects at base line, and after eight weeks of supplementation, as well 

as the comparison among placebo subjects between base line and after eight weeks of 

supplementation, and finally among vitamin D supplemented subjects between base 

line and after eight weeks of supplementation. 

Fig 16. Depicts average recession in all studied subjects based on their vitamin D 

supplementation status after randomization. On average, at base line, placebo subjects 

had a worse average recession of 0.17mm (±0.19mm) when compared to vitamin D 

supplemented subjects of -0.04mm (±0.25mm). This difference, however, did not reach 

statistical significance (p=0.67).  When evaluated after eight weeks of supplementation, 

placebo subjects improved to an average recession of -0.12mm (±0.40mm), however, 

this was not statistically significant when compared to baseline values (p=0.31). After 

eight weeks Vit D supplemented subjects showed worse average recession when 

comparing baseline to eight weeks vitamin D supplementation, with an average of 

0.00mm (±0.25mm), this difference showed not to be statistically significant (p=0.80). 

When comparing both groups after eight weeks of supplementation, these was no 



  44 

significant change in recession (p=0.81).  

 

Fig 16. Shows comparison of recession between placebo and vitamin D supplemented 

subjects at base line, and after eight weeks of supplementation, as well as the 

comparison among placebo subjects between base line and after eight weeks of 

supplementation, and finally among vitamin D supplemented subjects between base 

line and after eight weeks of supplementation. 

Fig 17. Depicts the average gingival index scores in all studied subjects teeth based on 

their vitamin D supplementation status after randomization. On average, at base line, 

placebo subjects had higher average gingival index scores of 0.99 (±0.19) when 
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compared to vitamin D supplemented subjects scores of 0.85 (±0.12). This difference, 

however, did not reach statistical significance (p=0.56).  When evaluated after eight 

weeks of supplementation, placebo subjects continue to show a higher gingival index 

scores of 1.00 (±0.19), however, this was not statistically significant when compared to 

baseline values (p=0.94). Similarly, Vit D supplemented subjects showed lower average 

gingival index scores when comparing baseline to eight weeks with an average score of 

0.55 (±0.12), and this difference was statistically significant (p=0.048). When comparing 

both groups after eight weeks of supplementation, the gingival index scores showed a 

statistically significant difference (p=0.081). 
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Fig 17. Shows comparison of gingival index between placebo and vitamin D 

supplemented subjects at base line, and after eight weeks of supplementation as well 

as the comparison among placebo subjects between base line and after eight weeks of 

supplementation, and finally among vitamin D supplemented subjects between base 

line and after eight weeks of supplementation. 
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Discussion 

Vitamin D Deficiency or Insufficiency is a worldwide public health issue that has been 

linked to numerous systemic disorders, as well as periodontal disease (1-5). There is 

increasing support from investigations that correlate periodontal health to adequate 

vitamin D levels (6-13, 52). Vitamin D plays a key role in linking innate and adaptive 

immunity by binding to the vitamin D receptor (VDR) in target immune cells, especially 

antigen-presenting cells (dendritic cells, macrophages) (15-19). Recent studies have 

indicated that adequate vitamin D can suppress inflammation by up-regulating MKP-1, 

which inhibits LPS activation, and cytokine (IL-6, TNF alpha) production in 

monocytes/macrophages (52). The proinflammatory response seen in bacterial plaque-

induced periodontal disease can lead to local tissue destruction, as well as low grade 

bacteremias that may contribute to systemic disorders (3). Patients susceptible to such 

a chronic inflammatory state may benefit by assuring sufficient vitamin D, which could 

improve their overall well-being (47). Current literature highlights the need of new 

studies that address vitamin D deficiency or insufficiency with an accurate supplement 

dosage (4000 IU) without co-adjuvant periodontal mechanical therapy in order to rightly 

asses vitamin D supplementation benefits.  

Our study is innovative in the sense that there was no clinical treatment of subjects who 

were randomly supplemented with Vitamin D. All the previous studies included subjects 

receiving supplementation plus periodontal mechanical therapy (6-13, 52), which makes 

this preliminary study a novel approach to assess the influence of vitamin D on  

periodontal disease.  Dietrich et al (8, 9) used a combined approach (periodontal 

mechanical therapy, plus vitamin D supplementation) to assess the influence of vitamin 
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D and found that the clinical periodontal parameters were positively impacted. However, 

a very important point to consider is the dosage of vitamin D supplementation used in 

other studies. Our study supplemented 4000 IU per day for eight weeks, or 28000 IU per 

week. Taking into consideration that the recommended dosage to recover vitamin D 

serum levels in deficient subjects is about 30000 IU per week for eight weeks (51), the 

dosage analyzed in the Dietrich epidemiologic studies can be considered insufficient 

(varying from 0-800 IU) in order to bring the vitamin D plasma levels to optimal levels in 

vitamin D deficient subjects. If we compare to Perayil et al (54), which included subjects 

supplemented only with 250 UI vitamin D + 500mg calcium daily for three months, our 

study used a much higher and closer to the ideal vitamin D supplementation for vitamin 

D deficient subjects. As aforementioned, our report is the first one to attempt an evaluation 

of only vitamin D supplementation on the inflammatory conditions of the periodontium. 

Based on our preliminary report, there are indications that vitamin D supplementation may 

reduce gingival inflammation, although a larger sample size is needed to assess if vitamin 

D supplementation has clinically significant impact prior to before mechanical treatment 

of periodontal disease. 

The non significant decrease CAL reported in this preliminary study fior the vitamin D 

group agrees with the literature, which reports decrease in CAL as a repercussion of 

resolution of inflammation. 

Although a double blinded randomized controlled clinical trial offers many design 

strengths, this pilot study has limitations that are mainly associated with its sample size. 

Furthermore, our study assumed that dark skin subjects are vitamin D 

deficient/insufficient due to low vitamin D production in their skin (14), which represents 



  49 

another limitation of this project. In addition, due to block randomization effects, we only 

had two subjects in the placebo group, who unfortunately had worse inflammatory 

periodontal parameters at baseline; however, this difference was not statistically 

significant. Consequently, our results have to be interpreted with caution but will serve as 

the basis for continuation of the study in a larger cohort of patients.  

Conclusion 

Within the limitations of this preliminary study, a trend towards improved periodontal 

inflammation was observed with short-term vitamin D supplementation. 

. 
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