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Highlights 

 
 Magnesium deficiency is common among adults and elderly populations.  

 

 Under-consumption of magnesium is widespread in the USA and beyond.  

 
 Magnesium deficiency is associated with numerous chronic oral diseases.  

 

 Optimal intake of magnesium is essential for good oral health. 

 

 

 

 

 

Abstract 

Adequate nutrition is essential for maintaining good oral health. Minerals such as 

magnesium, calcium, and phosphorus found in the diet constitute the main structural 

components of the tooth. Their inadequacy leads to absorption impairment, increased 

bleeding tendency, bone resorption, looseness, and premature tooth loss. Inadequacy 

of those essential minerals is associated with delayed tooth eruption and with enamel or 

dentin hypoplasia. Taking calcium without magnesium results in soft dental enamel, 

which cannot resist the acids causing tooth decay. In addition to magnesium, calcium, 

and phosphorus, adequate vitamin D is needed to maintain optimal oral health. Vitamin 

D exerts anti-inflammatory effects and helps in calcium absorption and bone 

remodeling. Moreover, adequate vitamin D status could reduce formation of dental 

caries by delaying its onset and progression. Here we summarize the oral 

manifestations of vitamin D and magnesium inadequacy. 
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Introduction 

The prevalence of dental caries and periodontal diseases is high in humans and is the 

leading cause of tooth loss. It is the second-highest-occurring disease throughout the 

world according to the 2016 Global Burden of Disease study [1]. Many studies have 

established the connection between diet and dental caries [2-4]. The lack of calcium 

and vitamins D, A, B, and C leads to hypomineralization, delayed eruption of the tooth, 

bleeding gums, disturbed alveolar bone patterns, angular cheilitis, and periodontal 

diseases [5]. Adequate nutrition is paramount for good dental health because food 

contains minerals that constitute the main structure of a tooth. Those minerals interact 

with vitamins in their role of strengthening the teeth. Calcium, magnesium, zinc, and 

vitamin D are interrelated. Apart from bone strengthening, those nutritional agents 

actively maintain good oral health by reducing enamel loss and decay and by promoting 

stronger jawbone [6]. The lack of enough magnesium, calcium, and phosphorus in the 

diet is usually associated with loose teeth and premature tooth loss. In magnesium 

deficiency, the alveolar bone is fragile, and the gum becomes hypertrophic [7]; when 

such deficiency occurs during tooth formation, dental eruption would be delayed, and 

enamel or dentin hypoplasia can occur [8, 9].  
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Ratio of calcium to magnesium in relation to dental health 

For optimal health benefits, the typical advice has been to maintain a dietary calcium-

to-magnesium ratio of around 2.0 in humans [10, 11]; however, there is a paucity of 

scientific data to substantiate that assertion. Findings from a case–control study on 

colorectal cancer indicated an optimal dietary calcium-to-magnesium ratio of <2.78 to 

reduce the risk of developing colorectal adenoma, and the risk was reduced also by 

increasing the magnesium concentration [12]. A follow-up clinical study reported that 

long-term treatment with 1200 mg/d of calcium lowered the risk of colorectal adenoma 

recurrence significantly, but only when the baseline calcium-to-magnesium ratio was 

<2.626 [13]. Intake of additional calcium did not affect patients when the ratio was 

>2.626 [13]. Findings from those studies, therefore, suggest that a ratio >2.6–2.8 can 

have a negative effect on disease outcomes. Conversely, studies have also shown that 

ratios <1.7 may also have negative effects and were associated with an increased risk 

of total mortality in both women and men [14]. Therefore, calcium-to-magnesium ratios 

<1.7 and >2.8 have been suggested to be detrimental, and optimal ratios may be 

around 2.0 [11]. One study determined the mineral content (calcium, magnesium, zinc, 

and phosphorus) from coronal dentin samples collected from premolar teeth removed 

for periodontal or prosthetic indications. A statistically significantly higher content of 

magnesium and a lower calcium-to-magnesium ratio were found in worn teeth, whereas 

the concentrations of the other minerals analysed were not significantly different 

between worn and intact teeth (p < .05 for all) [15]. Taken together, those studies 

indicate that an optimal calcium-to-magnesium ratio may exist. However, the exact 
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ratio is unknown because of the paucity of studies that have investigated that 

relationship and the complex but interdependent relationship that exists between 

calcium and magnesium with regard to human tooth health. Hence, further studies are 

required to elucidate and clarify optimal calcium-to-magnesium ratios for good tooth 

health.  

Vitamin D is a hormone necessary for the intestinal absorption of calcium, 

magnesium, and phosphorus, which are essential for proper mineralization of the bones 

and the teeth [16]. The osseointegration of dental implants with alveolar bone is 

enhanced when implants are coated with vitamin D [17]. Furthermore, injecting vitamin 

D3 intraperitoneally accelerates orthodontic tooth movement, and with vitamin D, even 

patients undergoing bisphosphonate therapy can receive orthodontic treatment [18, 

19]. Magnesium influences dental and oral health, partly by enhancing the antimicrobial 

microenvironment, reducing oral inflammation, enhancing calcium absorption into the 

teeth, and enhancing tooth enamel pliability. Some clinical scientists believe that 

magnesium is more important than calcium in maintaining oral and dental health. 

Without adequate magnesium balance: 

1. The salivary glands cannot remove excess food debris and provide a more basic 

environment to mitigate the effects of bacterial acid production. 

2. The immune system cannot activate vitamin D, one of its primary forces. 

3. The body cannot adequately make glutathione, an important anti-inflammatory 

agent that combats inflammation of teeth and gums. 
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4. The teeth can no longer absorb calcium, which instead enters the gums, where it 

calcifies and causes inflammation. 

5. The tooth enamel lacks a primary constituent of its amorphous binding solution, 

the magnesium ion. 

Magnesium deficiency, therefore, is apparently vital to protecting teeth and keeping 

them healthy [7, 20, 21]. 

Role of magnesium in vitamin D activation and function 

Vitamin D and magnesium are some of the most studied nutrients in medicine because 

deficiency of either nutrient has enormous implications on public health [22]. 

Magnesium and vitamin D are two essential nutrients, and an adequate balance is 

essential for maintaining the physiologic functions of various organs [23-26]. Vitamin D 

helps regulate calcium and phosphate balance to maintain healthy bone function. 

Magnesium helps activate vitamin D, which helps regulate calcium and phosphate 

homeostasis to influence bone growth and maintenance. Magnesium is essential for the 

stability of cell function, RNA and DNA synthesis, and cell repair, as well as maintaining 

the cell’s antioxidant status. Magnesium also is an important cofactor necessary for 

activating a variety of transporters and enzymes [27]. All the enzymes that metabolize 

vitamin D seem to require magnesium, which acts as a cofactor in the enzymatic 

reactions in the liver and kidneys (Figure 1). Deficiency in either nutrient is associated 

with skeletal deformities, cardiovascular diseases, and metabolic syndrome [22, 28-30]. 

Vitamin D deficiency is a common medical condition worldwide. Vitamin D 

supplementation increased because of the recent increase in global awareness, but 
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magnesium deficiency remains less discussed [22]. More attention should be paid to 

possible consequences of insufficient or deficient magnesium supply in the general 

population [31]. Magnesium is the second-most-abundant intracellular cation, which 

plays a crucial role in the synthesis and metabolism of parathyroid hormone (PTH) and 

vitamin D [22, 32, 33]. Previous studies showed that several steps in vitamin D 

metabolism are magnesium-dependent, such as vitamin D binding to vitamin D binding 

protein, 25(OH)D synthesis, 1,25(OH)2D synthesis, 25-hydroxylase synthesis, and 

vitamin D receptor expression for cellular effects [22, 32, 34]. Magnesium deficiency 

leads to impaired PTH secretion and response and can reduce the number of available 

vitamin D receptors in target cells [33, 35-37]. Magnesium deficiency also reduces 1,25- 

dihydroxyvitamin D [1,25(OH)2D] in vitamin D–resistant rickets [33], which can be 

corrected only after proper replacement of magnesium [22]. Studies showed that 

magnesium supplementation substantially reversed resistance to vitamin D in rickets in 

comparison with high intramuscular infusion of vitamin D alone [33]. Other studies 

reported that magnesium infusion plus oral vitamin D as 25(OH)D substantially 

increased both serum 25(OH)D and 1,25(OH)2D in comparison with magnesium infusion 

alone, which led to a nonsignificant increase in both parameters [22, 38]. Thus, a 

possible interaction exists between magnesium and vitamin D, which influences vitamin 

D status [39]. However, those findings need to be validated with large and multicenter 

clinical trials. 

Magnesium deficiency and periodontal health and diseases 
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Periodontitis, multifactorial inflammatory disease of the supporting tissues of the teeth, 

is caused by specific microorganisms. Streptococcus mutans, Lactobacillus, and 

members of the genera Bifidobacterium, Actinomyces, Propionibacterium, and 

Veillonella are associated with dental caries in children and adults [40-42]. Among the 

factors associated with periodontitis are oral hygiene behavior, genetics, systemic 

health, and nutrition. The disease is characterized by the formation of pockets, which 

increase in depth progressively, and destruction of the alveolar bone and the 

periodontal ligament, with gingival recession. The World Health Organization has 

included the disease in priority prevention programs because it is a worldwide health 

problem leading to edentulism (toothlessness) in the adult population [43-45]. 

Periodontitis is the most prevalent bone disease in humans, affecting 40%–90% of the 

global population, and if untreated is severe enough to lead to tooth loss in 10%–15% 

of adults [46-48].  

Biomineralization is a dynamic process, whereby living organisms can control the 

precipitation of inorganic nanocrystals in organic matrices to produce specific hybrid 

biological tissues such as bones, enamel, dentine, and cementum. Therefore, bones, 

and especially teeth, are continuously at risk of demineralization throughout life 

because of their location and arrangement in the mouth [20]. The oral environment can 

become acidic as a result of the types of consumed foods, especially sugary foods. 

Sugary foods are fermented by S. mutans, and the presence of bacteria increases the 

amount of acids on the surface of uncleaned teeth, which can erode enamel and 

demineralize other hard dental tissue. The way in which enamel can resist 
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demineralizing acids will depend on how much mineral contents are found in its 

structure. Thus, it is important to determine the composition of saliva to determine that 

it favors mineralization or demineralization [49]. Previously it was believed that calcium 

promoted good mineralization, but more recent studies have established that 

magnesium instead helped resist decay because the mean concentration of magnesium 

was statistically significantly higher in healthy enamel than in mesiodens enamel [50]. 

Consuming calcium without magnesium will result in soft enamel, which cannot resist 

the acids causing the decay [51]. The role of magnesium in teeth remineralization 

process is crucial; it participates in the formation and growth of hydroxyapatite crystals 

[20]. When guinea pigs are fed with a magnesium-deficient diet, teeth fail to calcify 

normally, leading to discoloration, erosion, and breaking of incisors at the gum line 

[51]. Danuta and colleagues determined the relationship between the content of 

magnesium and fluoride in superficial enamel and the depth of etching by perchloric 

acids. Their findings emphasized that the depth of etching and magnesium are 

interrelated, showing that magnesium enhances enamel resistance to erosion [52]. 

Many studies have established the connection between diet and dental caries 

[53]. Good nutrition is essential for fighting bacteria, maintaining tissue integrity, and 

repairing injured tissues [54]. People have been informed that eating sugary foods and 

not brushing teeth contribute to forming dental caries by fermentation, leading to pH 

below 7 [55]. However, many people are not aware that ultraviolet-B irradiance and 

vitamin D supplementation will produce more vitamin D, which also reduces dental 

caries [56]. Vitamin D supplementation can prevent caries onset and progression. That 
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is why recommending vitamin D supplementation for children at risk of dental caries 

may decrease the overall prevalence of severe early-childhood caries [57, 58]. 

Magnesium has proven essential for the activity of calcium and phosphorus in inhibiting 

caries. Consuming calcium and phosphorus without taking magnesium at the same 

time, instead of strengthening teeth, might have the opposite effect, causing structures 

beneath the surface to dissolve [51]. Researchers from Otago University in New 

Zealand have shown that magnesium, not calcium, contributes to reducing enamel 

caries. Those authors studied 200 patients aged 5–56 years, giving them an alkaline 

phosphate and then monitoring them for 3 years. At the end of that period, all 

participants showed reduced incidence of caries. The extracted teeth of the case group 

had twice the amount of magnesium of the teeth of the control group, who did not 

receive magnesium. The investigators concluded that consumed magnesium 

contributed to reduced cavities in the case group. The susceptibility of tooth enamel to 

caries development is proportional to its amount of magnesium content [51]. 

Because the foods we consume can affect dental health, we should eat 

magnesium-rich foods to prevent dental caries. However, instead of eating magnesium-

rich leafy vegetables, people tend to consume phosphorus-rich foods [59]. A study 

assessed calcium, magnesium, and fluoride in bottled and natural drinking water in 

Saudi Arabia. The authors recommended that, as part of the preventive measures 

against dental caries, manufacturers consider bottling waters with optimum mineral 

compositions that are beneficial for both the systemic and dental health of the public 

[60]. Emphasis should be put on improving the magnesium consumption in the 
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population to fight its deficiency instead of thinking that increased consumption of 

calcium will prevent dental caries. Because milk is rich in calcium and phosphorus but 

poor in magnesium, it may interfere with magnesium metabolism and antagonize 

magnesium action, thus compromising caries prevention [51, 61]. Magnesium is 

statistically significantly higher than sodium and phosphorus in healthy and mesiodens 

enamel, which indicates magnesium’s role in preventing dental caries [50]. 

Low dietary intake of magnesium can lead to deficiency and has been associated 

with many pathologies, such as periodontitis and diabetes mellitus [62]. A single-

blinded, randomized study evaluated serum magnesium levels in patients with type 2 

diabetes mellitus and chronic periodontitis. Researchers evaluated how serum 

magnesium levels affected periodontal health before and 21 days after scaling and root 

planing. In comparison with healthy control patients (nondiabetic, with no 

periodontitis), serum magnesium levels were significantly decreased in patients with 

chronic periodontitis and diabetic patients. However, the levels increased significantly in 

all groups after scaling. The authors inferred that the increase in serum magnesium 

level might be attributed to reduced inflammation after the scaling procedure [63]. A 

longitudinal study in an elderly Japanese population evaluated the association between 

calcium/magnesium ratio and serum calcium levels and periodontitis progression in 

smokers versus nonsmokers. The authors reported a link with low serum 

calcium/magnesium ratio and periodontal disease progression in smokers who also had 

lower serum calcium levels than nonsmokers. The researchers suggested that the 
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calcium/magnesium ratio was more important than calcium concentration in disease 

progression [64]. 

Oral bone mass increases from infancy to early adulthood, up to a genetically 

determined peak mass [7]. Generally, a balanced diet helps in maintaining healthy bone 

growth and periodontal health, especially when it is rich in magnesium [50]. Early 

experimental and clinical studies have shown that when the calcium-to-magnesium ratio 

is low, as with magnesium supplementation, periodontitis can be prevented or slowed 

[65, 66]. That result was evidenced by a study done by Meisel and colleagues (2005) 

on an adult population aged 40 or more years. Serum magnesium levels were 

significantly associated with reduced probing depth, less attachment loss, and more 

remaining teeth [67]. Those results indicated that nutritional magnesium 

supplementation may improve periodontal health. The median number of remaining 

teeth was 17 in the case group (Mg users) and 14 in the control group (no Mg drugs) 

[67]. Eleven years later, those researchers conducted another study and arrived at 

similar results: that an adequate magnesium supply may be important in preventing 

periodontal diseases and future tooth loss [68]. They found again that a magnesium-

rich diet could improve periodontal health and that low bone mass characterized in the 

oral cavity by the loss of alveolar crestal bone height and tooth loss may result from 

magnesium deficiency accompanied by the stimulation of proinflammatory cytokines 

[42]. The authors concluded that “taking magnesium supplements could prevent tooth 

loss in the middle-aged and delay tooth loss in the elderly, improving the well-being of 

the individual and reducing costs for prosthodontic treatment” [67, 68]. 
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Vitamin D inadequacy and periodontal health  

Vitamin D influences the status of periodontal health and disease [69-75]. Vitamin D 

affects the pathogenesis of periodontal diseases through its anti-inflammatory and 

immune-modulatory activities. Vitamin D increases bone mineral density, reduces bone 

resorption, and can suppress inflammatory processes associated with periodontal 

disease [76]. Significant associations exist between periodontal pathology, increased 

bone mineral density in the mandible, and reduced alveolar bone resorption and intake 

of vitamin D and calcium [77-79]. Long-term vitamin D supplementation (daily for 3 

years) reduced risk of tooth loss by 60% in one study [80]. Another study recorded 

significant improvement in both alveolar bone mass and alveolar crest height in 

periodontally healthy postmenopausal women who received daily calcium and vitamin D 

supplementation and were evaluated for 3 years [81]. Dietrich and colleagues analyzed 

the Third National Health and Nutrition Examination Survey (NHANES III) data and 

found an inverse relationship between serum vitamin D levels and attachment loss in 

participants with lower levels of vitamin D [71]. In a randomized controlled trial on 

postmenopausal women who received 400 IU/day of vitamin D and increased calcium 

intake to 1000 mg/day for 2 years, more than 80% of participants either maintained or 

gained mandibular bone mass [82]. In a case-control study, patients on vitamin and 

calcium supplements had shallower probing depths, fewer bleeding sites, lower gingival 

index values, fewer furcation involvements, less attachment loss, and less alveolar crest 

height loss [83]. 
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Another study using the NHANES III data showed that vitamin D reduced risk of 

gingival inflammation in patients with the highest 25(OH)D levels—they experienced 

20% less bleeding on probing than patients with the lowest levels [84]. A case-control 

study associated vitamin D deficiency with periodontal disease among pregnant women 

[70]. Vitamin D deficiency also negatively affects treatment outcomes by delaying 

postsurgical healing [85]. Vitamin D levels play an important role in bone homeostasis, 

especially on attachment, bone growth, and tooth formation. Therefore, vitamin D 

dysregulation is linked to periodontal diseases. Depleted bone can rebuild with vitamin 

D supplementation [86, 87]. In addition to the direct effects on bone metabolism, the 

direct antibiotic effect of vitamin D on periodontal pathogens may contribute to healing 

from periodontitis. Vitamin D inhibits inflammatory mediators that cause periodontal 

destruction [69]. Because the dietary content of vitamin D will affect healing after 

periodontal surgery [7, 88], deficiency will negatively affect the healing of periodontal 

tissues [85, 89, 90]. Animal clinical studies have shown that vitamin D3 supplementation 

is positively correlated with dental implant osseointegration [45, 91]. Because vitamin D 

directly affects bone metabolism and has anti-inflammatory properties, more research 

on the vitamin will potentially contribute to a better understanding of periodontal 

disease [16, 69]. 

The quality of host immune response correlates highly with nutritional status. 

Vitamin D is important not only for periodontal disease prevention but also for the 

reversal effect when gingivitis and periodontitis have already caused tissue damage, to 

convert diseased tissue into healthy tissue by eating healthy food. Good nutrition is 
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needed for sustaining healthy tissues, maintaining the immune system, and protecting 

against periodontal disease. When a patient is malnourished, immunity will be 

compromised, increasing the risk and extent of oral infection. Malnutrition will delay the 

repair process in the gingival sulcus and can increase epithelial attachment 

permeability, making it easier for bacteria to enter [7]. 

An important way that vitamin D affects the immune system is by inducing 

human cathelicidin, LL-37 [92] (Figure 2). LL-37 has both antimicrobial and 

antiendotoxin activities [93]. Vitamin D induces cathelicidin in oral epithelial cells [94], 

and children with high dental caries activity have low concentrations of LL-37 [95]. 

Several epithelial antimicrobial peptides, including LL-37, have been called the 

“guardian of the oral cavity” [96] and have been found to play important roles in oral 

health [97]. LL-37 also has important benefits in reducing risk of gingivitis [98]. 

Maternal vitamin D deficiency also increases the DMFT (decayed, missing, filled, primary 

teeth) score for children aged 12–35 months [99]. Therefore, vitamin D may be of 

benefit in treating periodontitis because of its direct effects on bone metabolism as well 

as its possible anti-inflammatory effects on periodontopathogens. 

Contribution of phosphorus and calcium in oral health and diseases 

The role of essential minerals in metabolism, general physiology, and tooth health has 

been well studied; however, studies on their possible interactions are lacking. 

Magnesium is required for the synthesis and metabolism of vitamin D, the latter of 

which is important in regulating calcium and phosphorus. Deng and colleagues (2013) 

investigated the interaction between magnesium and vitamin D in the general 
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population. They found that magnesium intake may contribute to vitamin D status and 

modify any links between serum vitamin D level and mortality risk [39]. Taking vitamin 

D supplements enhanced magnesium and calcium absorption, increased excretion of 

magnesium and decreased magnesium retention in animals [100], and reduced 

magnesium retention in humans [101].  

Magnesium is a direct antagonist of intracellular calcium [102], whose intestinal 

absorption is primarily under the control of 1,25(OH)2D. PTH, whose synthesis and 

metabolism is magnesium-dependent, regulates calcium secretion in the kidney tubules 

and increases the conversion of 25(OH)D to 1,25(OH)2D in the kidney, thereby 

increasing gastrointestinal calcium absorption [103]. The association between 

magnesium and calcium has been widely investigated [104-106]. Excessive calcium 

affects magnesium absorption, whereas slight reduction in magnesium causes increased 

calcium retention [11]. One study reported that when serum magnesium was low and 

serum calcium and phosphorus were higher, the risk of heart failure increased in a large 

population of whites and African Americans [104]. Song and colleagues showed that 

when serum calcium levels were lower than the mean values of 9.3 ± 0.5 mg/dl, serum 

magnesium levels affected bone mineral density more than serum calcium levels [106]. 

In a rodent model that determined the effects of a moderate dietary magnesium 

restriction (10% of nutrient requirement) on bone and mineral metabolism assessed 

over 6 months, the resulting bone loss was linked with decrease in serum magnesium 

levels and increased serum calcium levels [105]. In addition, consuming calcium and 

phosphorus without adequate intake of magnesium can lead to soft enamel and dental 
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caries [51]. Collectively, those studies offer evidence to support an interplay between 

magnesium and calcium. Hence, balancing those two minerals in the correct ratios is 

vital for maintaining optimal bone density and teeth health.  

In the United States, dietary intake of phosphorus in adults have increased and is 

above the recommended daily allowance of 700 mg/d [103, 107]. Phosphorus interacts 

with calcium, magnesium, and vitamin D. Calcium and phosphorus concentrations in 

dental plaque and the calcium/phosphorus ion levels in saliva can affect the balance 

between demineralization and remineralization of enamel [108]. Lin and colleagues 

investigated the link between caries experienced and daily intake of calcium, 

phosphorus, magnesium, and calcium/phosphorus ratio in children by dental 

examination, questionnaire interviews about 24-hour dietary recalls, and food 

frequency. The daily intakes of calcium, phosphorus, magnesium, and 

calcium/phosphorus ratio were inversely related to primary caries index; however, only 

the calcium/phosphorus ratio remained significant after adjustment for potential 

confounders. On the basis of the Taiwanese dietary reference intakes, the 

calcium/phosphorus ratio was linked to caries in both primary and permanent teeth. 

The authors concluded that daily intake of calcium/phosphorus ratio was an important 

factor for caries after considering potential confounding factors [109]. Conversely, there 

is a paucity of scientific data regarding the interaction of phosphorus and magnesium; 

however, because phosphorus is associated with calcium, a phosphorus-rich diet may 

affect persons who consume a low-magnesium diet. In support of that assertion, a 
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study linked lower serum magnesium and higher concentrations of phosphorus and 

calcium with a greater risk factor for heart failure [104].  

Taken together, the aforementioned studies indicate that potential interactions 

may exist between magnesium, vitamin D, calcium, and phosphorus. However, to the 

best of our knowledge, no single study has investigated the collective interactions of 

those minerals regarding tooth health. Many unanswered questions remain, such as:  

 whether one, a combination, or all of those minerals work independently or in 

synergy to activate and/or inhibit each other and hence affect their functions;  

 how deficiency in one or more of those minerals affects bone and tooth health 

and/or gives rise to disease development; and  

 what their optimal ratios are in terms of the optimal tooth health.  

Hence, future studies are needed to elucidate the correlation between those minerals 

with regard to tooth health. Such endeavors should use research studies to explore any 

underlying molecular and cellular mechanisms that may be involved as well as large 

multicenter clinical trials for validation. 

Optimal diet and oral health 

Dairy products such as milk, cheese, and yogurt can protect teeth against 

demineralization [110, 111]. Daily consumption of milk products is related to a lower 

risk of caries [112, 113] and reduces caries in the elderly [108]. Milk has properties akin 

to those of saliva and can reharden human enamel that has softened after exposure to 

acidic beverages [110]. Milk contains calcium, vitamin D, phosphorus, riboflavin, B-

complex vitamins, and vitamin A [114]. Casein, a protein in milk, strengthens and 

Jo
ur

na
l P

re
-p

ro
of



19 
 

repairs tooth enamel [115]. Therefore, consuming milk products is good for oral health. 

Conversely, because milk is poor in magnesium but rich in calcium and phosphorus, 

magnesium-rich foods such as green leafy vegetables and quinoa, or magnesium 

supplements, should be consumed at the same time to prevent caries and promote 

tooth mineralization. In support of that recommendation, one study showed that the 

number of periodontal disease events decreased significantly with greater intake of dark 

green and yellow vegetables [108].   

Starch-rich staple foods have low cariogenic ability, and consuming a high-

starch, low-sugar diet (compared with a low-starch, high-sugar diet) positively 

correlates to caries prevention [116, 117]. By contrast, intake of cereals, nuts and 

seeds, sugar and sweeteners, and confectioneries positively correlated with periodontal 

disease events [108]. Furthermore, deficiencies of vitamins A, C, and E, related to the 

production of reactive oxygen species, have been linked to periodontal disease, as well 

as folic acid deficiency [118]. A positive correlation between low vitamin C intake and 

periodontal disease was demonstrated in a study using the NHANES III data [119]. 

Consuming foods rich in antioxidant nutrients such as vitamins A, C, and E is therefore 

important in maintaining periodontal health. Those antioxidants are found in many 

fruits, vegetables, and grains [120]. Omega-3 fatty acid–rich foods also reduce 

periodontitis [121, 122]. Those foods, such as wild-caught salmon and sardines, are full 

of vitamin D, which helps the body absorb calcium and phosphorus and helps protect 

tooth enamel. In addition, foods such as celery, chewing gums, and lemons help 

stimulate salivary production and reduce cariogenicity [120].  
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Collectively, findings from some studies mentioned here indicate that the key to 

optimal dental health is to prevent caries and periodontal disease by lowering intake of 

phosphorus-rich foods; foods rich in phytic acid, which can interfere with vitamin D 

metabolism [123]; and foods that promote demineralization, while increasing intake of 

foods that promote tooth remineralization such as dark leafy greens and healthful fats. 

Consuming a diverse, balanced diet containing a variety of vital macronutrients 

including calcium, magnesium, vitamin D, and phosphorus at optimal ratios, along with 

other vitamins and oral probiotics [124], is therefore important in promoting tooth 

mineralization and good oral health. Those vitamins and minerals are best absorbed in 

the body when they are obtained through natural food sources; however, supplements 

can also be taken to augment their intake.  

Conclusion 

Several studies have reported the importance of micronutrients for maintaining good 

periodontal health and have provided some evidence to demonstrate a causal link with 

periodontal disease. However, further research is needed in this emerging field. 

Observational cross-sectional studies investigating associations between vitamin D and 

chronic periodontitis, for instance, yield only weak evidence [125]. Moreover, there is a 

paucity of general evidence to support any relationship between micronutrients in 

general and periodontal disease. Expanding on such studies and conducting well-

designed, randomized clinical trials on vitamins such as vitamin D and minerals such as 

magnesium are needed. Doing so would lead to further insight and knowledge on 

causal associations or underlying mechanisms regarding periodontal health as well as 
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their potential role in preventing and treating periodontal disease. Further studies on 

the interactions between magnesium supply and vitamin D status with a more detailed 

assessment of individual magnesium status need to be conducted [31]. 

Good oral health cannot be achieved and sustained without rectifying nutrient 

deficiencies. Because diet plays a predominant modifying role in the progression of 

periodontal disease, dentists should educate patients about how good nutrition affects 

the supportive structures of the teeth, such as the importance of consuming healthy 

food rich in magnesium and vitamin D in preventing dental caries. A sufficient amount 

of minerals such as magnesium and calcium is needed to keep teeth healthy. Knowing 

which nutrients maintain oral health or resolve unhealthy areas will help people select 

foods appropriately. Controlled studies should be conducted to establish the extent to 

which adequate intakes of magnesium and vitamin D can stabilize or improve 

periodontal health and maintain oral health in general. 

 
 
 
 
 
Acknowledgments  
 

Thanks to Dr. Nuraly Akimbekov of Al-Farabi Kazakh National University, Almaty 

(Kazakhstan) for help in drawing the illustrations. Dr. Razzaque is a Visiting Professor at 

the Harvard School of Dental Medicine, Boston (USA), and an Honorary Professor at the 

University of Rwanda College of Medicine & Health Sciences, Kigali (Rwanda).  

 
Jo

ur
na

l P
re

-p
ro

of



22 
 

REFERENCES 

 
[1]  Global, regional, and national incidence, prevalence, and years lived with 

disability for 328 diseases and injuries for 195 countries, 1990-2016: a 
systematic analysis for the Global Burden of Disease Study 2016, Lancet, 390 
(2017) 1211-1259. 

[2]  A.M. Uwitonze, J. Murererehe, M.C. Ineza, E.I. Harelimana, U. Nsabimana, P. 
Uwambaye, A. Gatarayiha, A. Haq, M.S. Razzaque, Effects of vitamin D status on 
oral health, The Journal of steroid biochemistry and molecular biology, 175 
(2018) 190-194. 

[3]  M.E. Jensen, Diet and dental caries, Dental clinics of North America, 43 (1999) 
615-633. 

[4]  C.C. Mobley, Nutrition and dental caries, Dental clinics of North America, 47 
(2003) 319-336. 

[5]  S. Tungare, A.G. Paranjpe, Diet and Nutrition To Prevent Dental Problems, 
StatPearls, StatPearls Publishing LLC., Treasure Island (FL), 2019. 

[6]  U. Van der Velden, D. Kuzmanova, I.L. Chapple, Micronutritional approaches to 
periodontal therapy, Journal of clinical periodontology, 38 Suppl 11 (2011) 142-
158. 

[7]  S. Najeeb, M.S. Zafar, Z. Khurshid, S. Zohaib, K. Almas, The Role of Nutrition in 
Periodontal Health: An Update, Nutrients, 8 (2016). 

[8]  S. Christakos, P. Dhawan, A. Porta, L.J. Mady, T. Seth, Vitamin D and intestinal 
calcium absorption, Molecular and cellular endocrinology, 347 (2011) 25-29. 

[9]  A.L. Horton, K.A. Boggess, K.L. Moss, H.L. Jared, J. Beck, S. Offenbacher, 
Periodontal disease early in pregnancy is associated with maternal systemic 
inflammation among African American women, Journal of periodontology, 79 
(2008) 1127-1132. 

[10]  J. Durlach, Recommended dietary amounts of magnesium: Mg RDA, Magnesium 
research, 2 (1989) 195-203. 

Jo
ur

na
l P

re
-p

ro
of



23 
 

[11]  A. Rosanoff, Q. Dai, S.A. Shapses, Essential Nutrient Interactions: Does Low or 
Suboptimal Magnesium Status Interact with Vitamin D and/or Calcium Status?, 
Advances in nutrition (Bethesda, Md.), 7 (2016) 25-43. 

[12]  Q. Dai, M.J. Shrubsole, R.M. Ness, D. Schlundt, Q. Cai, W.E. Smalley, M. Li, Y. 
Shyr, W. Zheng, The relation of magnesium and calcium intakes and a genetic 
polymorphism in the magnesium transporter to colorectal neoplasia risk, The 
American journal of clinical nutrition, 86 (2007) 743-751. 

[13]  Q. Dai, R. Sandler, E. Barry, R. Summers, M. Grau, J. Baron, Calcium, 
magnesium, and colorectal cancer, Epidemiology (Cambridge, Mass.), 23 (2012) 
504-505. 

[14]  Q. Dai, X.O. Shu, X. Deng, Y.B. Xiang, H. Li, G. Yang, M.J. Shrubsole, B. Ji, H. 
Cai, W.H. Chow, Y.T. Gao, W. Zheng, Modifying effect of calcium/magnesium 
intake ratio and mortality: a population-based cohort study, BMJ open, 3 (2013). 

[15]  H. Ey-Chmielewska, J. Janiszewska-Olszowska, I. Nocen, P. Stepien, A. 
Czajkowska, B. Fraczak, K. Opalko, Effect of pathological tooth wear on the 
content of calcium, magnesium, zinc and phosphate in human dentin, 
Magnesium research, 24 (2011) 13-16. 

[16]  D. Dixon, C.F. Hildebolt, D.D. Miley, M.N. Garcia, T.K. Pilgram, R. Couture, C. 
Anderson Spearie, R. Civitelli, Calcium and vitamin D use among adults in 
periodontal disease maintenance programmes, British dental journal, 206 (2009) 
627-631; discussion 617. 

[17]  F. Javed, H. Malmstrom, S.V. Kellesarian, A.A. Al-Kheraif, F. Vohra, G.E. 
Romanos, Efficacy of Vitamin D3 Supplementation on Osseointegration of 
Implants, Implant dentistry, 25 (2016) 281-287. 

[18]  S. Kale, I. Kocadereli, P. Atilla, E. Asan, Comparison of the effects of 1,25 
dihydroxycholecalciferol and prostaglandin E2 on orthodontic tooth movement, 
American journal of orthodontics and dentofacial orthopedics : official publication 
of the American Association of Orthodontists, its constituent societies, and the 
American Board of Orthodontics, 125 (2004) 607-614. 

[19]  M. Kawakami, T. Takano-Yamamoto, Local injection of 1,25-dihydroxyvitamin D3 
enhanced bone formation for tooth stabilization after experimental tooth 
movement in rats, Journal of bone and mineral metabolism, 22 (2004) 541-546. 

Jo
ur

na
l P

re
-p

ro
of



24 
 

[20]  E.A. Abou Neel, A. Aljabo, A. Strange, S. Ibrahim, M. Coathup, A.M. Young, L. 
Bozec, V. Mudera, Demineralization-remineralization dynamics in teeth and bone, 
Int J Nanomedicine, 11 (2016) 4743-4763. 

[21]  M. Medrano, E. Carrillo-Cruz, I. Montero, J.A. Perez-Simon, Vitamin D: Effect on 
Haematopoiesis and Immune System and Clinical Applications, International 
journal of molecular sciences, 19 (2018). 

[22]  P. Reddy, L.R. Edwards, Magnesium Supplementation in Vitamin D Deficiency, 
American journal of therapeutics, 26 (2019) e124-e132. 

[23]  M.S. Razzaque, The FGF23-Klotho axis: endocrine regulation of phosphate 
homeostasis, Nature reviews. Endocrinology, 5 (2009) 611-619. 

[24]  M.S. Razzaque, FGF23-mediated regulation of systemic phosphate homeostasis: 
is Klotho an essential player?, American journal of physiology. Renal physiology, 
296 (2009) F470-476. 

[25]  M.S. Razzaque, Phosphate toxicity: new insights into an old problem, Clinical 
science, 120 (2011) 91-97. 

[26]  M.S. Razzaque, Bone-kidney axis in systemic phosphate turnover, Archives of 
biochemistry and biophysics, 561 (2014) 154-158. 

[27]  R. Swaminathan, Magnesium metabolism and its disorders, The Clinical 
biochemist. Reviews, 24 (2003) 47-66. 

[28]  S. Erem, A. Atfi, M.S. Razzaque, Anabolic effects of vitamin D and magnesium in 
aging bone, The Journal of steroid biochemistry and molecular biology, 193 
(2019) 105400. 

[29]  M.S. Razzaque, Magnesium: Are We Consuming Enough?, Nutrients, 10 (2018). 
[30]  A.M. Uwitonze, M.S. Razzaque, Role of Magnesium in Vitamin D Activation and 

Function, The Journal of the American Osteopathic Association, 118 (2018) 181-
189. 

[31]  A. Zittermann, Magnesium deficit ? overlooked cause of low vitamin D status?, 
BMC medicine, 11 (2013) 229. 

[32]  V. Reddy, B. Sivakumar, Magnesium-dependent vitamin-D-resistant rickets, 
Lancet, 1 (1974) 963-965. 

[33]  R.K. Rude, J.S. Adams, E. Ryzen, D.B. Endres, H. Niimi, R.L. Horst, J.G. Haddad, 
Jr., F.R. Singer, Low serum concentrations of 1,25-dihydroxyvitamin D in human 

Jo
ur

na
l P

re
-p

ro
of



25 
 

magnesium deficiency, The Journal of clinical endocrinology and metabolism, 61 
(1985) 933-940. 

[34]  F. Risco, M.L. Traba, Influence of magnesium on the in vitro synthesis of 24,25-
dihydroxyvitamin D3 and 1 alpha, 25-dihydroxyvitamin D3, Magnesium research, 
5 (1992) 5-14. 

[35]  H. McCoy, M.A. Kenney, Interactions between magnesium and vitamin D: 
possible implications in the immune system, Magnesium research, 9 (1996) 185-
203. 

[36]  F. Risco, M.L. Traba, Bone specific binding sites for 1,25(OH)2D3 in magnesium 
deficiency, Journal of physiology and biochemistry, 60 (2004) 199-203. 

[37]  M.E. Rodriguez-Ortiz, A. Canalejo, C. Herencia, J.M. Martinez-Moreno, A. Peralta-
Ramirez, P. Perez-Martinez, J.F. Navarro-Gonzalez, M. Rodriguez, M. Peter, K. 
Gundlach, S. Steppan, J. Passlick-Deetjen, J.R. Munoz-Castaneda, Y. Almaden, 
Magnesium modulates parathyroid hormone secretion and upregulates 
parathyroid receptor expression at moderately low calcium concentration, 
Nephrology, dialysis, transplantation : official publication of the European Dialysis 
and Transplant Association - European Renal Association, 29 (2014) 282-289. 

[38]  M. Fuss, P. Bergmann, A. Bergans, J. Bagon, E. Cogan, T. Pepersack, M. Van 
Gossum, J. Corvilain, Correction of low circulating levels of 1,25-dihydroxyvitamin 
D by 25-hydroxyvitamin D during reversal of hypomagnesaemia, Clinical 
endocrinology, 31 (1989) 31-38. 

[39]  X. Deng, Y. Song, J.E. Manson, L.B. Signorello, S.M. Zhang, M.J. Shrubsole, R.M. 
Ness, D.L. Seidner, Q. Dai, Magnesium, vitamin D status and mortality: results 
from US National Health and Nutrition Examination Survey (NHANES) 2001 to 
2006 and NHANES III, BMC medicine, 11 (2013) 187. 

[40]  R. Kaur, S.C. Gilbert, E.C. Sheehy, D. Beighton, Salivary levels of Bifidobacteria in 
caries-free and caries-active children, International journal of paediatric 
dentistry, 23 (2013) 32-38. 

[41]  M.A. Munson, A. Banerjee, T.F. Watson, W.G. Wade, Molecular analysis of the 
microflora associated with dental caries, Journal of clinical microbiology, 42 
(2004) 3023-3029. 

Jo
ur

na
l P

re
-p

ro
of



26 
 

[42]  A.C. Tanner, R.L. Kent, Jr., P.L. Holgerson, C.V. Hughes, C.Y. Loo, E. Kanasi, N.I. 
Chalmers, I. Johansson, Microbiota of severe early childhood caries before and 
after therapy, Journal of dental research, 90 (2011) 1298-1305. 

[43]  G.C. Armitage, P.B. Robertson, The biology, prevention, diagnosis and treatment 
of periodontal diseases: scientific advances in the United States, Journal of the 
American Dental Association, 140 Suppl 1 (2009) 36S-43S. 

[44]  D.E. Deas, A.J. Moritz, R.S. Sagun, S.F. Gruwell, C.A. Powell, Scaling and root 
planing vs. conservative surgery in the treatment of chronic periodontitis, 
Periodontology 2000, 71 (2016) 128-139. 

[45]  F.S. Martelli, M. Martelli, C. Rosati, E. Fanti, Vitamin D: relevance in dental 
practice, Clinical cases in mineral and bone metabolism : the official journal of 
the Italian Society of Osteoporosis, Mineral Metabolism, and Skeletal Diseases, 
11 (2014) 15-19. 

[46]  M.A. Nazir, Prevalence of periodontal disease, its association with systemic 
diseases and prevention, International journal of health sciences, 11 (2017) 72-
80. 

[47]  B.L. Pihlstrom, B.S. Michalowicz, N.W. Johnson, Periodontal diseases, Lancet, 
366 (2005) 1809-1820. 

[48]  P.M. Preshaw, Detection and diagnosis of periodontal conditions amenable to 
prevention, BMC oral health, 15 Suppl 1 (2015) S5. 

[49]  A.T. Hara, D.T. Zero, The potential of saliva in protecting against dental erosion, 
Monographs in oral science, 25 (2014) 197-205. 

[50]  S. Tanaskovic-Stankovic, I. Tanaskovic, N. Jovicic, M. Miletic-Kovacevic, T. 
Kanjevac, Z. Milosavljevic, The mineral content of the hard dental tissue of 
mesiodens, Biomedical papers of the Medical Faculty of the University Palacky, 
Olomouc, Czechoslovakia, 162 (2018) 149-153. 

[51]  Magnesium Deficiency in the Pathogenesis of Disease. Early Roots of 
Cardiovascular, Skeletal, and Renal Abnormalities, Annals of Internal Medicine, 
94 (1981) 552-552. 

[52]  D. Waszkiel, K. Opalko, R. Łagocka, D. Chlubek, Fluoride and magnesium content 
in superficial enamel layers of teeth with erosions, Fluoride, 47 (2004) 271-277. 

Jo
ur

na
l P

re
-p

ro
of



27 
 

[53]  C.A. Palmer, R. Kent, Jr., C.Y. Loo, C.V. Hughes, E. Stutius, N. Pradhan, M. 
Dahlan, E. Kanasi, S.S. Arevalo Vasquez, A.C. Tanner, Diet and caries-associated 
bacteria in severe early childhood caries, Journal of dental research, 89 (2010) 
1224-1229. 

[54]  G. Sibbald, E.A. Ayello, Nutrition and Wound Healing: Eat Well, Live Well, 
Advances in skin & wound care, 32 (2019) 437. 

[55]  A. Zaborskis, S. Milciuviene, J. Narbutaite, E. Bendoraitiene, A. Kavaliauskiene, 
Caries experience and oral health behaviour among 11 -13-year-olds: an 
ecological study of data from 27 European countries, Israel, Canada and USA, 
Community dental health, 27 (2010) 102-108. 

[56]  W.B. Grant, A review of the role of solar ultraviolet-B irradiance and vitamin D in 
reducing risk of dental caries, Dermato-endocrinology, 3 (2011) 193-198. 

[57]  P.P. Hujoel, Vitamin D and dental caries in controlled clinical trials: systematic 
review and meta-analysis, Nutrition reviews, 71 (2013) 88-97. 

[58]  R.J. Schroth, J.A. Levi, E.A. Sellers, J. Friel, E. Kliewer, M.E. Moffatt, Vitamin D 
status of children with severe early childhood caries: a case-control study, BMC 
pediatrics, 13 (2013) 174. 

[59]  M. Ketteler, R.P. Wuthrich, J. Floege, Management of hyperphosphataemia in 
chronic kidney disease-challenges and solutions, Clinical kidney journal, 6 (2013) 
128-136. 

[60]  K.S. Rajesh, Zareena, S. Hegde, M.S. Arun Kumar, Assessment of salivary 
calcium, phosphate, magnesium, pH, and flow rate in healthy subjects, 
periodontitis, and dental caries, Contemporary clinical dentistry, 6 (2015) 461-
465. 

[61]  A.A. Ismail, N.A. Ismail, A Mineral Essential for Health Yet Generally 
Underestimated or Even Ignored, J Nutr Food Sci 6(2016). 

[62]  H. Dommisch, D. Kuzmanova, D. Jonsson, M. Grant, I. Chapple, Effect of 
micronutrient malnutrition on periodontal disease and periodontal therapy, 
Periodontology 2000, 78 (2018) 129-153. 

[63]  A. Shetty, R. Bhandary, B. Thomas, A. Ramesh, A Comparative Evaluation of 
Serum Magnesium in Diabetes Mellitus Type 2 Patients with and without 

Jo
ur

na
l P

re
-p

ro
of



28 
 

Periodontitis - A Clinico-biochemical Study, Journal of clinical and diagnostic 
research : JCDR, 10 (2016) ZC59-ZC61. 

[64]  A. Yoshihara, M. Iwasaki, H. Miyazaki, Mineral content of calcium and 
magnesium in the serum and longitudinal periodontal progression in Japanese 
elderly smokers, Journal of clinical periodontology, 38 (2011) 992-997. 

[65]  J.W. Seo, T.J. Park, Magnesium metabolism, Electrolyte & blood pressure : E & 
BP, 6 (2008) 86-95. 

[66]  Y. Song, P.M. Ridker, J.E. Manson, N.R. Cook, J.E. Buring, S. Liu, Magnesium 
intake, C-reactive protein, and the prevalence of metabolic syndrome in middle-
aged and older U.S. women, Diabetes care, 28 (2005) 1438-1444. 

[67]  P. Meisel, C. Schwahn, J. Luedemann, U. John, H.K. Kroemer, T. Kocher, 
Magnesium deficiency is associated with periodontal disease, Journal of dental 
research, 84 (2005) 937-941. 

[68]  P. Meisel, C. Pink, M. Nauck, L. Jablonowski, H. Voelzke, T. Kocher, 
Magnesium/Calcium Ratio in Serum Predicts Periodontitis and Tooth Loss in a 5-
Year Follow-up, Journal of dental research, 1 (2016) 266-274. 

[69]  N. Anand, S.C. Chandrasekaran, N.S. Rajput, Vitamin D and periodontal health: 
Current concepts, Journal of Indian Society of Periodontology, 17 (2013) 302-
308. 

[70]  K.A. Boggess, J.A. Espinola, K. Moss, J. Beck, S. Offenbacher, C.A. Camargo, Jr., 
Vitamin D status and periodontal disease among pregnant women, Journal of 
periodontology, 82 (2011) 195-200. 

[71]  T. Dietrich, K.J. Joshipura, B. Dawson-Hughes, H.A. Bischoff-Ferrari, Association 
between serum concentrations of 25-hydroxyvitamin D3 and periodontal disease 
in the US population, The American journal of clinical nutrition, 80 (2004) 108-
113. 

[72]  N. Garcia, D. Miley, D.A. Dixon, Vitamin D and periodontal disease, in: R.R. 
Watson (Ed.) Handbook of vitamin D in human health: Prevention, treatment 
and toxicity, Wageningen Academic Publishers, Wageningen, 2013, pp. 242-253. 

[73]  C.F. Hildebolt, Effect of vitamin D and calcium on periodontitis, Journal of 
periodontology, 76 (2005) 1576-1587. 

Jo
ur

na
l P

re
-p

ro
of



29 
 

[74]  M.F. Holick, Vitamin D deficiency, The New England journal of medicine, 357 
(2007) 266-281. 

[75]  R. Joseph, A.V. Nagrale, M.G. Joseraj, K.M. Pradeep Kumar, J.A. Kaziyarakath, R. 
Chandini, Low levels of serum Vitamin D in chronic periodontitis patients with 
type 2 diabetes mellitus: A hospital-based cross-sectional clinical study, Journal 
of Indian Society of Periodontology, 19 (2015) 501-506. 

[76]  E. Jagelaviciene, I. Vaitkeviciene, D. Silingaite, E. Sinkunaite, G. Daugelaite, The 
Relationship between Vitamin D and Periodontal Pathology, Medicina (Kaunas), 
54 (2018). 

[77]  C. Andresen, E. Olson, C. Nduaka, R. Pero, C.M. Bagi, Action of calciotropic 
hormones on bone metabolism - Role of Vitamin D3 in bone remodeling events, 
Am J Immunol, 2 (2006) 40-51. 

[78]  M. Cozzolino, Y. Lu, J. Finch, E. Slatopolsky, A.S. Dusso, p21WAF1 and TGF-
alpha mediate parathyroid growth arrest by vitamin D and high calcium, Kidney 
international, 60 (2001) 2109-2117. 

[79]  A. Zittermann, Vitamin D in preventive medicine: are we ignoring the evidence?, 
The British journal of nutrition, 89 (2003) 552-572. 

[80]  E.A. Krall, C. Wehler, R.I. Garcia, S.S. Harris, B. Dawson-Hughes, Calcium and 
vitamin D supplements reduce tooth loss in the elderly, The American journal of 
medicine, 111 (2001) 452-456. 

[81]  R. Civitelli, T.K. Pilgram, M. Dotson, J. Muckerman, N. Lewandowski, R. 
Armamento-Villareal, N. Yokoyama-Crothers, E.E. Kardaris, J. Hauser, S. Cohen, 
C.F. Hildebolt, Alveolar and postcranial bone density in postmenopausal women 
receiving hormone/estrogen replacement therapy: a randomized, double-blind, 
placebo-controlled trial, Archives of internal medicine, 162 (2002) 1409-1415. 

[82]  P.J. Kribbs, Two-year changes in mandibular bone mass in an osteoporotic 
population, The Journal of prosthetic dentistry, 67 (1992) 653-655. 

[83]  D.D. Miley, M.N. Garcia, C.F. Hildebolt, W.D. Shannon, R.A. Couture, C.L. 
Anderson Spearie, D.A. Dixon, E.M. Langenwalter, C. Mueller, R. Civitelli, Cross-
sectional study of vitamin D and calcium supplementation effects on chronic 
periodontitis, Journal of periodontology, 80 (2009) 1433-1439. 

Jo
ur

na
l P

re
-p

ro
of



30 
 

[84]  T. Dietrich, M. Nunn, B. Dawson-Hughes, H.A. Bischoff-Ferrari, Association 
between serum concentrations of 25-hydroxyvitamin D and gingival 
inflammation, The American journal of clinical nutrition, 82 (2005) 575-580. 

[85]  J.D. Bashutski, R.M. Eber, J.S. Kinney, E. Benavides, S. Maitra, T.M. Braun, W.V. 
Giannobile, L.K. McCauley, The impact of vitamin D status on periodontal surgery 
outcomes, Journal of dental research, 90 (2011) 1007-1012. 

[86]  R.J. Genco, W.S. Borgnakke, Risk factors for periodontal disease, Periodontology 
2000, 62 (2013) 59-94. 

[87]  G. Iolascon, G. Di Pietro, F. Gimigliano, Vitamin D supplementation in fractured 
patient: how, when and why, Clinical cases in mineral and bone metabolism : the 
official journal of the Italian Society of Osteoporosis, Mineral Metabolism, and 
Skeletal Diseases, 6 (2009) 120-124. 

[88]  M.N. Garcia, C.F. Hildebolt, D.D. Miley, D.A. Dixon, R.A. Couture, C.L. Spearie, 
E.M. Langenwalter, W.D. Shannon, E. Deych, C. Mueller, R. Civitelli, One-year 
effects of vitamin D and calcium supplementation on chronic periodontitis, 
Journal of periodontology, 82 (2011) 25-32. 

[89]  G.N. Antonoglou, M. Knuuttila, O. Niemela, P. Ylostalo, T. Raunio, L. Hiltunen, R. 
Karttunen, T. Tervonen, Serum parathyroid hormone and active vitamin D in 
chronic periodontitis, Journal of clinical periodontology, 42 (2015) 726-732. 

[90]  S.H. Stein, D.A. Tipton, Vitamin D and its impact on oral health--an update, The 
Journal of the Tennessee Dental Association, 91 (2011) 30-33; quiz 34-35. 

[91]  W. Liu, S. Zhang, D. Zhao, H. Zou, N. Sun, X. Liang, M. Dard, B. Lanske, Q. 
Yuan, Vitamin D supplementation enhances the fixation of titanium implants in 
chronic kidney disease mice, PloS one, 9 (2014) e95689. 

[92]  A.F. Gombart, The vitamin D-antimicrobial peptide pathway and its role in 
protection against infection, Future microbiology, 4 (2009) 1151-1165. 

[93]  N. Mookherjee, L.M. Rehaume, R.E. Hancock, Cathelicidins and functional 
analogues as antisepsis molecules, Expert opinion on therapeutic targets, 11 
(2007) 993-1004. 

[94]  Q. Wang, W. Zhang, H. Li, R. Aprecio, W. Wu, Y. Lin, Y. Li, Effects of 25-
hydroxyvitamin D3 on cathelicidin production and antibacterial function of human 
oral keratinocytes, Cellular immunology, 283 (2013) 45-50. 

Jo
ur

na
l P

re
-p

ro
of



31 
 

[95]  S. Davidopoulou, E. Diza, D. Sakellari, G. Menexes, S. Kalfas, Salivary 
concentration of free LL-37 in edentulism, chronic periodontitis and healthy 
periodontium, Archives of oral biology, 58 (2013) 930-934. 

[96]  M. Hans, V. Madaan Hans, Epithelial antimicrobial peptides: guardian of the oral 
cavity, International journal of peptides, 2014 (2014) 370297. 

[97]  Z. Khurshid, M. Naseem, I.A.F. Yahya, M. Mali, R. Sannam Khan, H.A. Sahibzada, 
M.S. Zafar, S. Faraz Moin, E. Khan, Significance and Diagnostic Role of 
Antimicrobial Cathelicidins (LL-37) Peptides in Oral Health, Biomolecules, 7 
(2017). 

[98]  M. Grant, O. Kilsgard, S. Akerman, B. Klinge, R.T. Demmer, J. Malmstrom, D. 
Jonsson, The Human Salivary Antimicrobial Peptide Profile according to the Oral 
Microbiota in Health, Periodontitis and Smoking, Journal of innate immunity, 
(2018) 1-12. 

[99]  R. Singleton, G. Day, T. Thomas, R. Schroth, J. Klejka, D. Lenaker, J. Berner, 
Association of Maternal Vitamin D Deficiency with Early Childhood Caries, Journal 
of dental research, (2019) 22034519834518. 

[100]  M.S. Seelig, THE REQUIREMENT OF MAGNESIUM BY THE NORMAL ADULT. 
SUMMARY AND ANALYSIS OF PUBLISHED DATA, The American journal of clinical 
nutrition, 14 (1964) 242-290. 

[101]  L.L. Hardwick, M.R. Jones, N. Brautbar, D.B. Lee, Magnesium absorption: 
mechanisms and the influence of vitamin D, calcium and phosphate, The Journal 
of nutrition, 121 (1991) 13-23. 

[102]  J.H. de Baaij, J.G. Hoenderop, R.J. Bindels, Magnesium in man: implications for 
health and disease, Physiological reviews, 95 (2015) 1-46. 

[103]  S.M. Moe, Disorders involving calcium, phosphorus, and magnesium, Primary 
care, 35 (2008) 215-237, v-vi. 

[104]  P.L. Lutsey, A. Alonso, E.D. Michos, L.R. Loehr, B.C. Astor, J. Coresh, A.R. 
Folsom, Serum magnesium, phosphorus, and calcium are associated with risk of 
incident heart failure: the Atherosclerosis Risk in Communities (ARIC) Study, The 
American journal of clinical nutrition, 100 (2014) 756-764. 

[105]  R.K. Rude, H.E. Gruber, H.J. Norton, L.Y. Wei, A. Frausto, B.G. Mills, Bone loss 
induced by dietary magnesium reduction to 10% of the nutrient requirement in 

Jo
ur

na
l P

re
-p

ro
of



32 
 

rats is associated with increased release of substance P and tumor necrosis 
factor-alpha, The Journal of nutrition, 134 (2004) 79-85. 

[106]  C.H. Song, E. Barrett-Connor, J.H. Chung, S.H. Kim, K.S. Kim, Associations of 
calcium and magnesium in serum and hair with bone mineral density in 
premenopausal women, Biological trace element research, 118 (2007) 1-9. 

[107]  L. Pizzorno, Canaries in the Phosphate-Toxicity Coal Mines, Integrative medicine 
(Encinitas, Calif.), 13 (2014) 24-32. 

[108]  A. Yoshihara, R. Watanabe, N. Hanada, H. Miyazaki, A longitudinal study of the 
relationship between diet intake and dental caries and periodontal disease in 
elderly Japanese subjects, Gerodontology, 26 (2009) 130-136. 

[109]  H.S. Lin, J.R. Lin, S.W. Hu, H.C. Kuo, Y.H. Yang, Association of dietary calcium, 
phosphorus, and magnesium intake with caries status among schoolchildren, The 
Kaohsiung journal of medical sciences, 30 (2014) 206-212. 

[110]  I. Gedalia, A. Dakuar, L. Shapira, I. Lewinstein, J. Goultschin, E. Rahamim, 
Enamel softening with Coca-Cola and rehardening with milk or saliva, American 
journal of dentistry, 4 (1991) 120-122. 

[111]  I. Lewinstein, L. Ofek, I. Gedalia, Enamel rehardening by soft cheeses, American 
journal of dentistry, 6 (1993) 46-48. 

[112]  A. Pacey, T. Nancarrow, G.M. Egeland, Prevalence and risk factors for parental-
reported oral health of Inuit preschoolers: Nunavut Inuit Child Health Survey, 
2007-2008, Rural and remote health, 10 (2010) 1368. 

[113]  S. Petti, R. Simonetti, A. Simonetti D'Arca, The effect of milk and sucrose 
consumption on caries in 6-to-11-year-old Italian schoolchildren, European 
journal of epidemiology, 13 (1997) 659-664. 

[114]  W.H. Bowen, S.K. Pearson, B.C. VanWuyckhuyse, L.A. Tabak, Influence of milk, 
lactose-reduced milk, and lactose on caries in desalivated rats, Caries research, 
25 (1991) 283-286. 

[115]  G. Wu, X. Liu, Y. Hou, Analysis of the effect of CPP-ACP tooth mousse on enamel 
remineralization by circularly polarized images, The Angle orthodontist, 80 (2010) 
933-938. 

[116]  A.J. Rugg-Gunn, A.F. Hackett, D.R. Appleton, G.N. Jenkins, J.E. Eastoe, 
Relationship between dietary habits and caries increment assessed over two 

Jo
ur

na
l P

re
-p

ro
of



33 
 

years in 405 English adolescent school children, Archives of oral biology, 29 
(1984) 983-992. 

[117]  A. Scheinin, K.K. Makinen, K. Ylitalo, Turku sugar studies. V. Final report on the 
effect of sucrose, fructose and xylitol diets on the caries incidence in man, Acta 
odontologica Scandinavica, 34 (1976) 179-216. 

[118]  A. Varela-Lopez, M.D. Navarro-Hortal, F. Giampieri, P. Bullon, M. Battino, J.L. 
Quiles, Nutraceuticals in Periodontal Health: A Systematic Review on the Role of 
Vitamins in Periodontal Health Maintenance, Molecules (Basel, Switzerland), 23 
(2018). 

[119]  M. Nishida, S.G. Grossi, R.G. Dunford, A.W. Ho, M. Trevisan, R.J. Genco, Dietary 
vitamin C and the risk for periodontal disease, Journal of periodontology, 71 
(2000) 1215-1223. 

[120]  S.M. Gondivkar, A.R. Gadbail, R.S. Gondivkar, S.C. Sarode, G.S. Sarode, S. Patil, 
K.H. Awan, Nutrition and oral health, Disease-a-month : DM, 65 (2019) 147-154. 

[121]  H. El-Sharkawy, N. Aboelsaad, M. Eliwa, M. Darweesh, M. Alshahat, A. Kantarci, 
H. Hasturk, T.E. Van Dyke, Adjunctive treatment of chronic periodontitis with 
daily dietary supplementation with omega-3 Fatty acids and low-dose aspirin, 
Journal of periodontology, 81 (2010) 1635-1643. 

[122]  A.Z. Naqvi, C. Buettner, R.S. Phillips, R.B. Davis, K.J. Mukamal, n-3 fatty acids 
and periodontitis in US adults, Journal of the American Dietetic Association, 110 
(2010) 1669-1675. 

[123]  C.V. Harinarayan, T. Ramalakshmi, U.V. Prasad, D. Sudhakar, P.V. Srinivasarao, 
K.V. Sarma, E.G. Kumar, High prevalence of low dietary calcium, high phytate 
consumption, and vitamin D deficiency in healthy south Indians, The American 
journal of clinical nutrition, 85 (2007) 1062-1067. 

[124]  P. Krasse, B. Carlsson, C. Dahl, A. Paulsson, A. Nilsson, G. Sinkiewicz, Decreased 
gum bleeding and reduced gingivitis by the probiotic Lactobacillus reuteri, 
Swedish dental journal, 30 (2006) 55-60. 

[125]  R.A.G. Khammissa, R. Ballyram, Y. Jadwat, J. Fourie, J. Lemmer, L. Feller, 
Vitamin D Deficiency as It Relates to Oral Immunity and Chronic Periodontitis, 
International journal of dentistry, 2018 (2018) 7315797. 

Jo
ur

na
l P

re
-p

ro
of



34 
 

[126]  X. Zhou, J. Han, Y. Song, J. Zhang, Z. Wang, Serum levels of 25-hydroxyvitamin 
D, oral health and chronic obstructive pulmonary disease, Journal of clinical 
periodontology, 39 (2012) 350-356. 

[127]  A. Chhonkar, A. Gupta, V. Arya, Comparison of Vitamin D Level of Children with 
Severe Early Childhood Caries and Children with No Caries, International journal 
of clinical pediatric dentistry, 11 (2018) 199-204. 

[128]  A.R. Adegboye, L.B. Christensen, P. Holm-Pedersen, K. Avlund, B.J. Boucher, B.L. 
Heitmann, Intake of dairy products in relation to periodontitis in older Danish 
adults, Nutrients, 4 (2012) 1219-1229. 

[129]  H. Staudte, S. Kranz, A. Volpel, J. Schutze, B.W. Sigusch, Comparison of nutrient 
intake between patients with periodontitis and healthy subjects, Quintessence 
international (Berlin, Germany : 1985), 43 (2012) 907-916. 

[130]  M.M. Almoudi, A.S. Hussein, M.I. Abu Hassan, R.J. Schroth, Dental caries and 
vitamin D status in children in Asia, Pediatrics international : official journal of 
the Japan Pediatric Society, 61 (2019) 327-338. 

[131]  H.S. Lee, H.A. Heo, S.H. Park, W. Lee, S.W. Pyo, Influence of human parathyroid 
hormone during orthodontic tooth movement and relapse in the osteoporotic rat 
model: A preliminary study, Orthodontics & craniofacial research, (2018). 

[132]  J.T. van der Tas, M.E.C. Elfrink, A.C. Heijboer, F. Rivadeneira, V.W.V. Jaddoe, H. 
Tiemeier, J.D. Schoufour, H.A. Moll, E.M. Ongkosuwito, E.B. Wolvius, T. 
Voortman, Foetal, neonatal and child vitamin D status and enamel 
hypomineralization, Community dentistry and oral epidemiology, 46 (2018) 343-
351. 

 
  

Jo
ur

na
l P

re
-p

ro
of



35 
 

Table 1. Effect of vitamin D, calcium, and magnesium on oral health  

No. Author Country; 
Year 

Type of 
study  

Methodology Key findings 

1. Schroth 
et al. [58] 

Canada; 
2013 

Case–control n = 266; preschool children; 144 
with severe early-childhood caries 
and 122 caries-free  

Children with severe early-childhood caries have 
low vitamin D and calcium levels 

2. Shetty et al. 
[63] 

India; 2016 Single-blinded, 
randomized 
study 

n = 120; periodontitis and type 2 
diabetes mellitus  

Imbalance of serum magnesium level in patients 
with chronic periodontitis and type 2 diabetes 
mellitus 

3. Meisel et al. 
[67] 

Germany; 
2005 

Cross-
sectional  

n = 4290; aged 20–80 yrs Nutritional magnesium supplementation may 
improve periodontal health 

4. Meisel et al. 
[68] 

Germany; 
2016 

Cross-
sectional  

n = 3300 Adequate magnesium serum level and Mg/Ca 
balance may prevent progression of attachment 
level and tooth loss, especially in inflammatory 
states 

5. Boggess 
et al. [70] 

USA; 2011 Case–control n = 246; 123 cases, 123 controls; 
pregnant women 

Vitamin D insufficiency [serum 25(OH)D 
<75 nmol/l] associated with maternal 
periodontal disease during pregnancy 

6. Dietrich 
et al. [71] 

USA; 2004 Cross-
sectional  

n = 11,202; aged ≥20 y 
 
 

Low serum 25(OH)D3 concentrations may be 
associated with periodontal disease 
independently of bone mineral density 

7. Joseph 
et al. [75] 

India; 2015 Cross-
sectional 

n = 141, including 48 controls; 
chronic periodontitis patients with 
and without type 2 diabetes 
mellitus 

Low levels of serum vitamin D in chronic 
periodontitis patients with type 2 diabetes 
mellitus 

8. Krall et al. 
[80] 

USA; 2001 Randomized 
controlled trial 

n = 145; healthy subjects aged 
≥65 years; 82 patients took 
vitamin D and calcium 
supplementation, and 63 took 
placebo 

Calcium and vitamin D supplements reduce 
tooth loss in the elderly Jo
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9.  Miley et al. 
[83] 

USA; 2009  Cross-
sectional  

n = 51; periodontal maintenance 
therapy; 23 took vitamin D (≥400 
IU/day) and calcium (≥1000 
mg/day) supplementation, and 28 
took no supplementation 

Periodontal maintenance therapy group showed 
a trend for better periodontal health with 
vitamin D and calcium supplementation 

10. Bashutski 
et al. [85] 

USA; 2011 Randomized 
controlled trial 

n = 40; severe chronic 
periodontitis; periodontal surgery 
and teriparatide administration in 
vitamin D–sufficient and –
insufficient individuals 

Vitamin D deficiency at the time of periodontal 
surgery negatively affects treatment outcomes  

11. Garcia et al. 
[88] 

USA; 2011 Observational 
clinical trial 

n = 51; 23 patients took vitamin D 
(≥400 IU/day) and calcium 
(≥1000mg/day) supplementation, 
and 28 took no supplementation 

Calcium and vitamin D supplementation has a 
modest positive effect on periodontal health 

12. Zhou et al. 
[126] 

China; 
2012 

Case–control 193 cases, 181 controls Decreased serum 25(OH)D concentrations were 
significantly associated with poor periodontal 
health  

13. Chhonkar 
et al. [127] 

India; 2018 Case–control n = 60; 3 and 6 years; 30 children 
with caries and 30 without caries 

Vitamin D deficiency is risk factor both for 
incidence of dental caries and for its severity in 
children 

14. Adegboye 
et al. [128] 

Denmark; 
2012 

Cross-
sectional 

n = 135; adults Dairy calcium, particularly from milk and 
fermented products, may protect against 
periodontitis  

15. Staudte 
et al. [129] 

Germany; 
2012 

Case–control n = 80; 42 chronic periodontitis 
and 38 healthy subjects 

Patients with periodontitis have less intake of 
magnesium than healthy subjects 
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Figure 1. Possible role of magnesium in vitamin D and PTH activation and function [28-

30]. Both vitamin D and PTH exert important biological effects on tooth development 

and maintenance, including enhancing tooth movement to stabilize tooth position [94, 

130-132]. 

 

 

 
 

 

 

Abbreviations: Mg, magnesium; VDR, vitamin D receptor; PTH, parathyroid hormone; 

PTHR, parathyroid hormone receptor 
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Figure 2. Cathelicidin LL-37–induced gene expression by vitamin D. Vitamin D—

synthesized in the skin (cholecalciferol) or by plants (ergocalciferol) after exposure to 

UVB radiation—binds to vitamin D binding protein (VDBP). Vitamin D is converted to 25-

hydroxyvitamin D [25(OH)D] and then activated to 1,25-dihydroxyvitamin D 

[1,25(OH)2D]. Activated 1,25(OH)2D regulates expression of hCAP18 (proprotein) and 

LL-37 (protein), which is important for immune response, by interacting with the 

vitamin D receptor (VDR), which dimerizes with the retinoid X receptor (RXR) and binds 

to the vitamin D response element (VDRE) site on the cathelicidin (CAMP) gene 

promoter.  
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