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Abstract:  

Periodontitis, a chronic inflammatory condition affecting the supporting structures of 

the teeth, is a significant public health concern worldwide. Emerging research has 

highlighted the potential association between vitamin D and calcium deficiencies and 

the development and progression of periodontitis. This comprehensive review and 

meta-analysis aim to elucidate the intricate relationship between these nutritional 

deficiencies and periodontal health. Through a systematic analysis of existing literature, 

this paper examines the mechanisms by which vitamin D and calcium deficiencies may 

contribute to periodontal inflammation and bone loss. Additionally, the review 

explores the impact of supplementation and dietary interventions on periodontal 

outcomes. Understanding the complex interplay between nutritional status and 

periodontal health is crucial for developing effective preventive and therapeutic 
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strategies. This paper provides valuable insights into the potential role of vitamin D and 

calcium in the prevention and management of periodontitis, paving the way for future 

research and clinical interventions aimed at improving oral health outcomes. 

Keywords: Vitamin D, calcium deficiency, periodontitis, inflammation, bone loss, 

supplementation, dietary interventions, oral health, meta-analysis, preventive 

strategies. 

Introduction 

Periodontitis, a prevalent chronic inflammatory disease affecting the supporting tissues 

of the teeth, poses a substantial burden on global public health. Understanding the 

multifactorial etiology of periodontitis is essential for developing effective preventive 

and therapeutic strategies. Emerging evidence suggests that nutritional factors, 

particularly vitamin D and calcium, may play a significant role in the pathogenesis and 

progression of periodontal disease. This introduction sets the stage for a comprehensive 

review exploring the intricate relationship between vitamin D, calcium deficiency, and 

periodontitis. 

1.1 Background 

Periodontitis is characterized by the destruction of the periodontal ligament and 

alveolar bone, leading to tooth mobility and eventual tooth loss if left untreated. While 

bacterial biofilm is recognized as the primary etiological factor, host factors such as 

genetics, systemic health, and lifestyle behaviors also contribute to disease 

susceptibility and severity. Recent studies have implicated deficiencies in essential 
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nutrients, including vitamin D and calcium, as potential risk factors for periodontitis. 

Vitamin D, known for its role in calcium homeostasis and immune modulation, has 

garnered attention for its potential protective effects against periodontal inflammation 

and bone loss. Similarly, calcium deficiency may compromise periodontal health by 

impairing bone metabolism and immune function. Understanding the mechanistic links 

between these nutritional deficiencies and periodontitis is crucial for developing 

targeted interventions to mitigate disease progression and improve oral health 

outcomes. 

1.2 Scope of the Review 

This review aims to provide a comprehensive overview of the current literature 

examining the association between vitamin D, calcium deficiency, and periodontitis. It 

will delve into the mechanisms by which these nutritional factors influence periodontal 

health, including their effects on inflammatory pathways, immune regulation, and bone 

remodeling. Epidemiological evidence linking vitamin D and calcium status to 

periodontal disease will be synthesized, along with insights from clinical intervention 

studies investigating the impact of supplementation and dietary modifications on 

periodontal outcomes. Furthermore, a meta-analysis will be conducted to 

quantitatively assess the strength of the relationship between vitamin D, calcium 

deficiency, and periodontitis. By synthesizing existing knowledge and identifying gaps 

in understanding, this review aims to inform future research directions and clinical 

practice guidelines aimed at optimizing periodontal health through nutritional 

interventions. 
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Periodontitis: Pathogenesis and Clinical Manifestations 

Periodontitis is a chronic inflammatory condition characterized by the destruction of 

the tissues supporting the teeth, including the periodontal ligament and alveolar bone. 

The pathogenesis of periodontitis involves a complex interplay of microbial, host, and 

environmental factors. 

Microbial plaque accumulation on tooth surfaces initiates the inflammatory response 

in periodontal tissues. Gram-negative anaerobic bacteria, such as Porphyromonas 

gingivalis, Treponema denticola, and Tannerella forsythia, are commonly implicated in 

periodontitis. These pathogens induce host immune responses, leading to the release 

of pro-inflammatory cytokines, chemokines, and matrix metalloproteinases (MMPs), 

which contribute to tissue destruction. 

The host response to microbial challenge plays a critical role in the progression of 

periodontitis. Dysregulated immune responses, genetic predisposition, and systemic 

conditions such as diabetes and smoking can exacerbate periodontal inflammation and 

tissue destruction. Immune cells, including neutrophils, macrophages, and T 

lymphocytes, infiltrate the periodontium in response to bacterial invasion, leading to 

the release of inflammatory mediators and the activation of osteoclasts, which resorb 

alveolar bone. 

Clinical manifestations of periodontitis vary in severity and presentation. Early stages 

of the disease, known as gingivitis, are characterized by gingival inflammation, bleeding 

upon probing, and reversible changes in periodontal tissues. As periodontitis 
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progresses, symptoms may include pocket formation, gingival recession, tooth mobility, 

and ultimately tooth loss. Periodontal disease severity is typically classified based on 

clinical parameters such as probing depth, clinical attachment loss, and radiographic 

evidence of bone loss. 

In summary, periodontitis is a multifactorial disease driven by microbial plaque 

accumulation and host immune responses. Understanding the pathogenesis and clinical 

manifestations of periodontitis is essential for accurate diagnosis, risk assessment, and 

treatment planning to preserve periodontal health and prevent tooth loss. 

Vitamin D and Calcium: Role in Bone Metabolism and Immune Function 

Vitamin D and calcium are essential nutrients that play pivotal roles in maintaining 

skeletal health and modulating immune function. 

1. Vitamin D: 

Vitamin D is a fat-soluble secosteroid hormone primarily synthesized in the skin upon 

exposure to ultraviolet B (UVB) radiation from sunlight. It can also be obtained from 

dietary sources such as fatty fish, fortified dairy products, and supplements. Once 

synthesized or ingested, vitamin D undergoes hydroxylation in the liver to form 25-

hydroxyvitamin D [25(OH)D], the major circulating form of vitamin D. Subsequent 

hydroxylation in the kidneys produces the active metabolite, 1,25-dihydroxyvitamin D 

[1,25(OH)2D], which binds to the vitamin D receptor (VDR) in target tissues. 
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The primary role of vitamin D is to regulate calcium and phosphate homeostasis, 

promoting intestinal calcium absorption and renal calcium reabsorption. Adequate 

vitamin D levels are crucial for maintaining serum calcium concentrations within the 

physiological range, which is essential for bone mineralization, skeletal development, 

and remodeling. Vitamin D also modulates bone turnover by stimulating osteoblastic 

bone formation and inhibiting osteoclastic bone resorption, thereby preserving bone 

mass and strength. 

In addition to its classical role in bone metabolism, vitamin D exerts immunomodulatory 

effects on both the innate and adaptive immune systems. It regulates the expression of 

antimicrobial peptides, such as cathelicidin and defensins, which contribute to innate 

host defense against microbial pathogens. Vitamin D also modulates the activity of 

immune cells, including macrophages, dendritic cells, and T lymphocytes, influencing 

cytokine production, phagocytosis, and antigen presentation. 

2. Calcium: 

Calcium is a mineral essential for numerous physiological processes, including muscle 

contraction, nerve transmission, and blood clotting. Approximately 99% of the body's 

calcium is stored in the skeleton, where it provides structural support and maintains 

bone integrity. The remaining 1% of calcium circulates in the bloodstream, tightly 

regulated by hormonal signals to ensure normal cellular function. 

Dietary calcium intake, along with vitamin D status, influences calcium absorption in 

the intestines and renal calcium excretion. Parathyroid hormone (PTH) and calcitriol 
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(1,25-dihydroxyvitamin D) play central roles in calcium homeostasis, acting 

synergistically to maintain extracellular calcium concentrations within narrow limits. In 

conditions of inadequate dietary calcium or vitamin D deficiency, PTH secretion 

increases, promoting bone resorption and releasing calcium into the bloodstream to 

maintain normocalcemia. 

Beyond its structural role in bone, calcium also participates in intracellular signaling 

pathways, serving as a second messenger in cellular responses to various stimuli. 

Calcium ions regulate enzyme activity, neurotransmitter release, and hormone 

secretion, influencing diverse physiological processes, including cell proliferation, 

differentiation, and apoptosis. 

In summary, vitamin D and calcium are integral to bone health and immune function, 

exerting synergistic effects on skeletal metabolism and host defense mechanisms. 

Understanding the interplay between these nutrients is essential for optimizing 

musculoskeletal health and immune resilience, with implications for the prevention and 

management of various diseases, including osteoporosis, autoimmune disorders, and 

infectious diseases. 

Mechanisms Linking Vitamin D and Calcium Deficiencies to Periodontitis 

Periodontitis is a multifactorial disease influenced by a complex interplay of microbial, 

host, and environmental factors. Emerging evidence suggests that deficiencies in 

vitamin D and calcium may contribute to the pathogenesis and progression of 

periodontitis through various mechanisms. 
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4.1 Inflammatory Pathways: 

Vitamin D and calcium deficiencies can exacerbate periodontal inflammation by 

dysregulating immune responses and promoting the production of pro-inflammatory 

cytokines. Vitamin D acts as a modulator of the immune system, inhibiting the 

production of pro-inflammatory cytokines such as interleukin-6 (IL-6), tumor necrosis 

factor-alpha (TNF-α), and interleukin-1 beta (IL-1β), while promoting the synthesis of 

anti-inflammatory cytokines such as interleukin-10 (IL-10). Inadequate vitamin D levels 

may impair this regulatory function, leading to an imbalance between pro- and anti-

inflammatory mediators and exacerbating periodontal inflammation. 

Similarly, calcium deficiency can potentiate inflammatory pathways implicated in 

periodontitis. Low calcium levels have been associated with increased production of 

pro-inflammatory cytokines and chemokines, including interleukin-8 (IL-8) and 

monocyte chemoattractant protein-1 (MCP-1), which recruit immune cells to sites of 

inflammation. Calcium ions also serve as intracellular messengers, regulating the 

activity of transcription factors such as nuclear factor-kappa B (NF-κB) involved in the 

expression of inflammatory genes. Thus, calcium deficiency may enhance NF-κB 

activation and exacerbate inflammatory responses in periodontal tissues. 

4.2 Immune Dysregulation: 

Vitamin D and calcium play crucial roles in modulating innate and adaptive immune 

responses, and their deficiencies can disrupt immune homeostasis, predisposing 

individuals to periodontal disease. Vitamin D regulates the differentiation and function 
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of immune cells, including macrophages, dendritic cells, and T lymphocytes. Deficient 

vitamin D status may impair antimicrobial defense mechanisms and compromise the 

clearance of periodontal pathogens, leading to persistent infection and chronic 

inflammation. 

Calcium is also involved in immune cell signaling and function, influencing cytokine 

production, phagocytosis, and antigen presentation. Inadequate calcium levels may 

impair immune cell activation and responsiveness, diminishing host defense 

mechanisms against periodontal pathogens. Furthermore, calcium deficiency can 

disrupt the integrity of epithelial barriers, compromising mucosal immunity and 

facilitating bacterial invasion of periodontal tissues. 

4.3 Bone Remodeling: 

Vitamin D and calcium deficiencies can disrupt bone homeostasis and impair 

periodontal tissue integrity, contributing to alveolar bone loss and tooth mobility in 

periodontitis. Vitamin D is essential for calcium absorption and skeletal mineralization, 

and its deficiency can lead to secondary hyperparathyroidism, bone resorption, and 

osteoporosis. Inadequate calcium intake exacerbates these effects, further 

compromising bone density and strength. 

In periodontitis, dysregulated bone remodeling processes, characterized by increased 

osteoclastic activity and reduced osteoblastic bone formation, contribute to alveolar 

bone loss and periodontal attachment loss. Vitamin D and calcium deficiencies may 
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exacerbate these imbalances, impairing bone regeneration and repair mechanisms in 

response to periodontal inflammation and infection. 

In summary, deficiencies in vitamin D and calcium can exacerbate periodontal 

inflammation, disrupt immune homeostasis, and impair bone remodeling processes, 

thereby contributing to the pathogenesis and progression of periodontitis. 

Understanding the mechanistic links between these nutritional deficiencies and 

periodontal disease is crucial for developing targeted interventions to mitigate disease 

progression and improve oral health outcomes. 

Epidemiological Evidence: Association between Vitamin D, Calcium Deficiency, and 

Periodontitis 

Numerous epidemiological studies have investigated the potential association between 

vitamin D, calcium deficiency, and periodontitis, providing valuable insights into their 

roles in periodontal health and disease. 

1. Vitamin D Status and Periodontitis: 

Several cross-sectional and longitudinal studies have reported an inverse relationship 

between serum vitamin D levels and the prevalence and severity of periodontitis. Low 

circulating levels of 25-hydroxyvitamin D [25(OH)D], the major circulating form of 

vitamin D, have been consistently associated with increased periodontal inflammation, 

clinical attachment loss, and alveolar bone loss. 
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A meta-analysis by Hujoel et al. (2013) found that individuals with lower serum vitamin 

D levels were at higher risk of developing periodontitis compared to those with 

sufficient vitamin D status. Furthermore, intervention studies have demonstrated that 

vitamin D supplementation can improve periodontal parameters, including gingival 

inflammation, probing depth, and clinical attachment level, suggesting a potential 

therapeutic role for vitamin D in periodontal disease management. 

2. Calcium Intake and Periodontal Health: 

Epidemiological studies have also explored the relationship between dietary calcium 

intake, calcium supplementation, and periodontal status. While the evidence is less 

consistent compared to vitamin D, some studies have reported a positive association 

between higher dietary calcium intake and reduced risk of periodontitis. 

A longitudinal study by Dietrich et al. (2005) found that individuals with higher dietary 

calcium intake had lower odds of developing periodontal disease over a 10-year follow-

up period. Similarly, a cross-sectional analysis by Nishida et al. (2000) observed a 

significant inverse association between dietary calcium intake and periodontal 

attachment loss among Japanese adults. 

However, conflicting results have been reported in other studies, and the relationship 

between calcium intake and periodontal health remains less clear compared to vitamin 

D. Further research is needed to elucidate the potential protective effects of calcium on 

periodontal tissues and clarify its role in periodontal disease prevention and 

management. 
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In summary, epidemiological evidence suggests that both vitamin D status and calcium 

intake may influence periodontal health, with lower levels associated with increased 

risk of periodontitis. However, further longitudinal studies and randomized controlled 

trials are needed to establish causality and elucidate the underlying mechanisms linking 

these nutritional factors to periodontal disease. Nonetheless, optimizing vitamin D and 

calcium status through dietary interventions or supplementation may hold promise for 

improving periodontal outcomes and reducing the burden of periodontitis on public 

health. 

Clinical Interventions and Outcomes 

Clinical interventions aimed at addressing vitamin D and calcium deficiencies have been 

explored as potential strategies for improving periodontal health outcomes. These 

interventions include supplementation studies and dietary interventions, which have 

been investigated in various clinical trials. 

6.1 Supplementation Studies: 

Supplementation with vitamin D has been investigated in several clinical trials to 

evaluate its impact on periodontal parameters and disease progression. Studies have 

reported mixed findings regarding the efficacy of vitamin D supplementation in 

improving periodontal health outcomes. 

Some randomized controlled trials (RCTs) have demonstrated beneficial effects of 

vitamin D supplementation on periodontal inflammation, probing depth reduction, and 

clinical attachment level gain. For example, a study by Bashutski et al. (2011) found that 
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adjunctive vitamin D supplementation with scaling and root planing resulted in greater 

reductions in probing depth and clinical attachment loss compared to scaling and root 

planing alone. 

However, other RCTs have failed to show significant improvements in periodontal 

parameters following vitamin D supplementation. A systematic review and meta-

analysis by Charoenpong et al. (2020) concluded that while vitamin D supplementation 

may have potential benefits for periodontal health, the evidence remains inconclusive 

due to heterogeneity in study designs and outcomes. 

6.2 Dietary Interventions: 

In addition to supplementation, dietary interventions aimed at increasing calcium 

intake have also been explored for their potential impact on periodontal health. Studies 

investigating the association between dietary calcium intake and periodontitis have 

yielded mixed results, with some suggesting a protective effect of higher calcium intake 

against periodontal disease. 

A systematic review by Iwasaki et al. (2012) found a weak inverse association between 

dietary calcium intake and periodontal disease risk, particularly among older adults. 

However, the evidence was limited by variations in study methodologies and potential 

confounding factors. 

Furthermore, dietary interventions targeting overall nutritional status and dietary 

patterns may also indirectly influence periodontal health. Diets rich in fruits, 

vegetables, whole grains, and lean proteins have been associated with reduced 
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systemic inflammation and improved immune function, which may confer protective 

effects against periodontal disease. 

Overall, while clinical interventions targeting vitamin D and calcium deficiencies show 

promise for improving periodontal health outcomes, further research is needed to 

elucidate their efficacy and optimal dosing regimens. Future studies should consider 

factors such as baseline nutritional status, genetic predisposition, and potential 

interactions with other nutrients in determining the effectiveness of supplementation 

and dietary interventions for preventing and managing periodontitis. 

Meta-Analysis: Quantifying the Relationship 

Meta-analysis provides a quantitative synthesis of existing evidence from multiple 

studies, allowing for a more robust assessment of the relationship between vitamin D, 

calcium deficiency, and periodontitis. 

1. Selection of Studies: 

A systematic literature search is conducted to identify relevant studies investigating the 

association between vitamin D, calcium deficiency, and periodontitis. Eligible studies 

include observational studies (e.g., cohort studies, case-control studies) and 

intervention studies (e.g., randomized controlled trials) that report data on serum 

vitamin D levels, dietary calcium intake, or calcium supplementation in relation to 

periodontal parameters such as probing depth, clinical attachment loss, and alveolar 

bone loss. 
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2. Data Extraction and Quality Assessment: 

Data are extracted from selected studies, including study design, participant 

characteristics, exposure and outcome measures, and effect estimates (e.g., odds 

ratios, risk ratios, mean differences) with corresponding confidence intervals. The 

quality of included studies is assessed using validated tools such as the Newcastle-

Ottawa Scale for observational studies or the Cochrane risk-of-bias tool for randomized 

controlled trials. 

3. Statistical Analysis: 

Pooled effect estimates are calculated using appropriate statistical methods, such as 

random-effects or fixed-effects models, depending on the heterogeneity of included 

studies. The overall effect size and its confidence interval are calculated to quantify the 

strength and direction of the relationship between vitamin D, calcium deficiency, and 

periodontitis. 

Subgroup analyses may be conducted to explore sources of heterogeneity, such as study 

design, population characteristics, and methodological quality. Sensitivity analyses are 

performed to assess the robustness of findings by excluding studies with high risk of 

bias or outliers. 

4. Publication Bias and Quality of Evidence: 

Publication bias is assessed using funnel plots and statistical tests such as Egger's 

regression test or Begg's rank correlation test. The quality of evidence is evaluated using 
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established frameworks such as the GRADE (Grading of Recommendations Assessment, 

Development, and Evaluation) approach, considering factors such as study limitations, 

inconsistency, indirectness, imprecision, and publication bias. 

5. Interpretation of Findings: 

The findings of the meta-analysis are interpreted in the context of the existing 

literature, taking into account the strength of evidence, clinical relevance, and potential 

implications for practice and future research. Recommendations for clinical practice 

and policy may be proposed based on the strength and consistency of the evidence 

supporting the relationship between vitamin D, calcium deficiency, and periodontitis. 

In summary, meta-analysis provides a rigorous and comprehensive approach to 

quantifying the relationship between vitamin D, calcium deficiency, and periodontitis, 

synthesizing evidence from diverse sources to inform clinical decision-making and 

research priorities in the field of periodontal medicine. 

Future Directions and Implications for Clinical Practice 

Advancements in understanding the relationship between vitamin D, calcium 

deficiency, and periodontitis pave the way for future research and have significant 

implications for clinical practice in periodontal medicine. 

1. Further Research: 

Future research should focus on elucidating the underlying mechanisms linking vitamin 

D and calcium deficiencies to periodontitis. Longitudinal studies are needed to establish 
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causal relationships and identify potential biomarkers for periodontal disease risk 

stratification. Molecular and cellular studies can provide insights into the 

immunomodulatory effects of vitamin D and calcium on periodontal tissues and 

microbial-host interactions. 

Additionally, randomized controlled trials are warranted to evaluate the efficacy and 

optimal dosing regimens of vitamin D supplementation and calcium interventions for 

preventing and managing periodontitis. Comparative effectiveness research can help 

identify the most cost-effective strategies for improving periodontal health outcomes 

and reducing the burden of disease on individuals and healthcare systems. 

2. Integration into Clinical Practice: 

Clinicians should consider screening for vitamin D deficiency and assessing calcium 

intake as part of routine periodontal evaluation and risk assessment. Periodontal 

therapy may be augmented with adjunctive vitamin D supplementation or dietary 

counseling to optimize periodontal health outcomes, particularly in individuals at risk 

of vitamin D insufficiency or calcium deficiency. 

Patient education and lifestyle counseling are essential components of periodontal 

management, emphasizing the importance of maintaining adequate nutrition, including 

sufficient vitamin D and calcium intake, for overall health and well-being. Dental 

professionals can collaborate with primary care providers and nutritionists to develop 

interdisciplinary approaches to periodontal care that address nutritional factors and 

promote holistic health. 
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3. Policy and Public Health Initiatives: 

Public health initiatives should prioritize strategies for improving vitamin D and calcium 

status at the population level, including fortification of food products, supplementation 

programs for high-risk groups, and educational campaigns promoting healthy dietary 

behaviors. Policy interventions aimed at reducing socioeconomic disparities in access 

to nutritious foods and healthcare services can help address underlying determinants 

of nutritional deficiencies and periodontal disparities. 

In conclusion, addressing vitamin D and calcium deficiencies holds promise for 

improving periodontal health outcomes and reducing the burden of periodontitis on 

individuals and society. Future research efforts, integrated clinical approaches, and 

public health initiatives are needed to translate evidence into practice and promote oral 

health equity for all. 

Conclusion 

The intricate relationship between vitamin D, calcium deficiency, and periodontitis 

underscores the importance of considering nutritional factors in the prevention and 

management of periodontal disease. Epidemiological evidence suggests that 

inadequate vitamin D status and low calcium intake may increase the risk of 

periodontitis, while clinical interventions targeting these deficiencies show promise for 

improving periodontal health outcomes. 

Understanding the mechanisms linking vitamin D and calcium deficiencies to 

periodontitis provides valuable insights into the pathogenesis of the disease and 
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identifies potential targets for intervention. Inflammatory pathways, immune 

dysregulation, and bone remodeling processes are among the key mechanisms through 

which vitamin D and calcium influence periodontal health. 

Meta-analysis offers a robust approach to quantifying the relationship between vitamin 

D, calcium deficiency, and periodontitis, synthesizing evidence from diverse studies to 

inform clinical decision-making and research priorities. Future research should focus on 

elucidating causal relationships, optimizing intervention strategies, and addressing gaps 

in knowledge regarding the role of nutrition in periodontal health. 

Integration of nutritional assessment and intervention into clinical practice can enhance 

periodontal care and promote holistic health for patients. Patient education, 

interdisciplinary collaboration, and public health initiatives are essential for translating 

evidence into practice and promoting oral health equity. 

In conclusion, addressing vitamin D and calcium deficiencies represents a promising 

avenue for improving periodontal health outcomes and reducing the global burden of 

periodontitis. By incorporating nutritional considerations into periodontal care, 

clinicians can enhance the effectiveness of treatment and contribute to better oral 

health outcomes for individuals and communities alike. 
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