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Abstract  
Background: Vitamin D is an essential fat-soluble hormone involved in calcium and phosphate homeostasis, bone 

mineralization, and multiple extra-skeletal physiological processes. Despite advances in nutrition and food fortification, 

vitamin D deficiency remains a major global public health problem, affecting diverse populations and contributing to 

significant morbidity.  

Aim: This review aims to assess the global burden of vitamin D deficiency, examine its etiology, pathophysiology, clinical 

manifestations, and evaluate current strategies for assessment, monitoring, prevention, and management.  

Methods: A narrative synthesis of epidemiological data, clinical outcomes, diagnostic criteria, and therapeutic approaches to 

vitamin D deficiency was conducted, incorporating evidence from observational studies, clinical trials, and international 

guidelines discussed in the literature.  

Results: Vitamin D deficiency affects approximately one billion individuals worldwide, particularly older adults, obese 

individuals, hospitalized patients, and those with limited sun exposure. Deficiency is linked to skeletal disorders such as 

rickets and osteomalacia, increased fracture risk, muscle weakness, and potential non-skeletal complications. Vitamin D3 

supplementation is superior to vitamin D2 in correcting deficiency and maintaining adequate serum levels.  

Conclusion: Targeted screening, individualized supplementation, and interprofessional healthcare strategies are essential to 

reduce the burden of vitamin D deficiency and its complications. 
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Introduction 

Vitamin D plays a critical role in 

maintaining skeletal integrity by regulating calcium 

and phosphate metabolism. Its deficiency impairs 

bone mineralization, leading to rickets in children, 

characterized by skeletal deformities, growth 

retardation, and delayed motor development, and 

osteomalacia in adults, which manifests as bone pain, 

muscular weakness, and increased fracture risk.[1] 

The discovery of vitamin D and its relationship to 

rickets in the early 20th century prompted public 

health initiatives, including the fortification of milk 

in North America during the 1930s, which 

significantly reduced the incidence of childhood 

rickets.[2] Despite these efforts, vitamin D deficiency 

remains widespread, particularly in populations with 

limited sun exposure, darker skin pigmentation, or 

diets low in vitamin D-rich foods.[4] Dietary intake 

recommendations vary based on age, sex, and 

physiological status. Adults are generally advised to 

consume 400 to 800 international units (IU) daily to 

maintain adequate serum levels and support bone 

health.[3] However, many individuals fail to meet 

these recommendations due to dietary insufficiency, 

limited outdoor activity, or underlying medical 

conditions that affect absorption or metabolism. 

Observational studies have expanded the significance 

of vitamin D beyond musculoskeletal health, 

suggesting associations with cardiovascular disease, 

diabetes, cancer, autoimmune disorders, and mood 
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disorders, though causal relationships remain under 

investigation.[5] The assessment of vitamin D status 

relies on measuring serum total 25-hydroxyvitamin 

D. Current guidelines by the Endocrine Society 

define sufficiency as levels above 30 ng/mL (50 

nmol/L), insufficiency as 12–30 ng/mL (30–77 

nmol/L), and deficiency as levels below 12 ng/mL 

(30 nmol/L). The optimal concentration for broader 

health outcomes continues to be debated, highlighting 

the need for population-specific strategies for 

prevention, screening, and supplementation. 

Monitoring vitamin D levels and addressing 

deficiencies represent important components of 

public health nutrition, laboratory evaluation, and 

clinical management. 

Etiology: 

Vitamin D, a fat-soluble secosteroid, is 

obtained primarily through dermal synthesis, as 

natural dietary sources are limited. Cholecalciferol 

(vitamin D3), synthesized in the skin under 

ultraviolet B (UVB) radiation, and ergocalciferol 

(vitamin D2), obtained from dietary sources such as 

fortified foods and plant-based products, undergo 

sequential hydroxylation to become biologically 

active. The first hydroxylation occurs in the liver, 

where both D2 and D3 forms are converted to 25-

hydroxyvitamin D by hepatic 25-hydroxylase. This 

circulating form serves as the primary indicator of 

vitamin D status. The second hydroxylation occurs in 

the kidneys, where 1α-hydroxylase converts 25-

hydroxyvitamin D to 1,25-dihydroxyvitamin D, the 

most active metabolite. This active form increases 

intestinal calcium absorption, promotes bone 

resorption, and reduces renal excretion of calcium 

and phosphate, thereby maintaining calcium 

homeostasis and skeletal integrity. All hydroxylation 

steps are mediated by cytochrome P450 mixed-

function oxidases, highlighting the complex 

enzymatic regulation of vitamin D metabolism.[6][7] 

Vitamin D deficiency may arise from multiple 

mechanisms that disrupt synthesis, metabolism, or 

action. Dietary insufficiency or malabsorption is a 

leading cause, particularly in conditions such as 

celiac disease, short bowel syndrome, gastric bypass, 

inflammatory bowel disease, chronic pancreatic 

insufficiency, and cystic fibrosis. Older adults are at 

higher risk due to decreased dietary intake and 

reduced nutrient absorption efficiency.[8] Insufficient 

sun exposure contributes significantly to deficiency. 

Daily exposure of approximately 20 minutes with 

over 40% skin surface exposed is necessary for 

adequate dermal synthesis. Cutaneous production 

declines with age, and individuals with darker skin 

pigmentation have reduced efficiency of UVB-

mediated synthesis. Institutionalized individuals, 

those with prolonged hospitalizations, or individuals 

who regularly use sunscreen are at increased risk of 

vitamin D deficiency due to limited sun 

exposure.[9][10] 

Defects in endogenous synthesis also 

contribute to deficiency. Chronic liver disease, such 

as cirrhosis, impairs 25-hydroxylation, while renal 

failure and hypoparathyroidism reduce 1α-

hydroxylation, limiting production of the active 

metabolite.[11][12][13] Certain medications, 

including phenobarbital, carbamazepine, 

dexamethasone, rifampin, and others, induce hepatic 

cytochrome P450 enzymes, accelerating the 

catabolism of vitamin D into inactive 

metabolites.[14] Finally, hereditary disorders, such as 

vitamin D-resistant rickets, cause end-organ 

resistance, whereby normal circulating levels of 

vitamin D fail to elicit an adequate biological 

response.[15] Collectively, these etiological factors 

illustrate the multifactorial nature of vitamin D 

deficiency, emphasizing the interplay between 

environmental exposure, nutritional intake, metabolic 

capacity, pharmacologic influences, and genetic 

predispositions. Recognition of these diverse causes 

is essential for targeted prevention, early diagnosis, 

and appropriate management to reduce the risk of 

skeletal and non-skeletal complications associated 

with inadequate vitamin D status. 

Epidemiology 

Vitamin D deficiency represents a 

significant global public health concern, with 

estimates suggesting that approximately one billion 

individuals worldwide are affected. Epidemiological 

data indicate that nearly half of certain populations 

experience suboptimal vitamin D status, defined as 

insufficiency or deficiency. The condition is 

particularly prevalent among older adults, individuals 

with obesity, residents of long-term care facilities, 

and hospitalized patients. Obesity confers a 

substantially increased risk, with affected individuals 

demonstrating a 35% higher prevalence of vitamin D 

deficiency irrespective of geographic latitude or 

chronological age [16]. In the United States, 

epidemiological studies report that between 50% and 

60% of nursing home residents and hospitalized 

patients exhibit deficient vitamin D levels [17][18]. 

Ethnic and cultural factors further influence 

deficiency prevalence. Individuals with higher 

melanin pigmentation or those practicing extensive 

skin coverage are at heightened risk due to reduced 

cutaneous synthesis of vitamin D. In the U.S., 47% of 

African American infants and 56% of Caucasian 

infants present with vitamin D deficiency. The 

prevalence is markedly higher in regions such as the 

Middle East and South Asia, with more than 90% of 

infants in Iran, Turkey, and India affected. Among 

adults, 35% of the U.S. population demonstrates 

deficiency, whereas the rates exceed 80% in Pakistan, 

India, and Bangladesh. Older adults exhibit even 

greater susceptibility, with 61% of older Americans 

deficient, compared to 90% in Turkey, 96% in India, 

72% in Pakistan, and 67% in Iran [19]. Vitamin D 

deficiency is also highly prevalent among patients 

with chronic kidney disease. Hemodialysis, 
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concomitant hepatic dysfunction, or a history of liver 

transplantation significantly exacerbate this risk, with 

85% to 99% of these patients affected [20]. Critically 

ill individuals admitted to intensive care units 

frequently exhibit deficiency, which is associated 

with more severe disease manifestations, increased 

morbidity, and higher mortality rates [21]. These data 

underscore the widespread and multifactorial nature 

of vitamin D deficiency, highlighting its 

disproportionate burden among high-risk populations 

and the need for targeted public health strategies to 

mitigate adverse health outcomes. 

Pathophysiology 

Vitamin D plays a central role in 

maintaining calcium homeostasis and supporting 

normal bone metabolism. Its active form, 1,25-

dihydroxyvitamin D, facilitates intestinal absorption 

of calcium and phosphorus, ensuring adequate 

mineral availability for bone formation and 

remodeling. In conditions of chronic or severe 

vitamin D deficiency, intestinal calcium and 

phosphorus absorption is impaired, resulting in 

hypocalcemia. The reduction in circulating calcium 

levels triggers a compensatory increase in parathyroid 

hormone (PTH) secretion, leading to secondary 

hyperparathyroidism [22]. Elevated PTH levels 

stimulate osteoclastic bone resorption, mobilizing 

calcium from the skeleton to maintain serum calcium 

concentrations. This process accelerates bone 

turnover, promotes urinary phosphate excretion, and 

contributes to cortical bone thinning and increased 

porosity [23]. These alterations in mineral 

metabolism can have profound skeletal 

consequences. In adults, chronic vitamin D 

deficiency often manifests as osteomalacia, 

characterized by impaired bone mineralization and 

bone softening, and may progress to osteoporosis, 

marked by reduced bone mass and structural 

deterioration. In children, insufficient vitamin D leads 

to rickets, a disorder of growing bones that results in 

skeletal deformities, growth retardation, and 

increased fracture susceptibility. The skeletal 

complications of vitamin D deficiency are therefore a 

direct consequence of the interplay between impaired 

mineral absorption, compensatory hormonal 

responses, and heightened bone resorption, which 

together compromise bone strength and structural 

integrity. Beyond the skeletal system, vitamin D 

deficiency can also affect neuromuscular function, 

immune regulation, and cardiovascular health, 

illustrating the broad systemic impact of this nutrient 

deficiency on overall health. 

History and Physical 

Most individuals with vitamin D deficiency 

remain asymptomatic, particularly in mild or 

subclinical cases. Nevertheless, even modest chronic 

deficiency can result in hypocalcemia and secondary 

hyperparathyroidism, increasing the risk of 

osteoporosis, falls, and fragility fractures, especially 

among older adults [24]. As the deficiency 

progresses, patients may develop symptoms 

attributable to elevated PTH levels and impaired 

mineralization, including diffuse bone pain, 

arthralgia, generalized myalgia, muscle weakness, 

fatigue, and fasciculations [25]. These manifestations 

reflect both the skeletal and neuromuscular effects of 

prolonged hypocalcemia. In adults, chronic vitamin D 

deficiency contributes to structural bone changes that 

predispose to fragility fractures, often occurring in 

the vertebrae, hip, and distal radius. Osteomalacia 

presents clinically with diffuse skeletal pain, gait 

disturbances, and tenderness over weight-bearing 

bones. Children are particularly vulnerable to the 

consequences of deficiency due to active bone 

growth. Clinical features of pediatric vitamin D 

deficiency include irritability, lethargy, delayed 

developmental milestones, skeletal deformities such 

as bowed legs or rachitic rosary, and increased 

fracture susceptibility [26]. A careful history should 

explore dietary intake, sun exposure, chronic illnesses 

affecting absorption or metabolism, and family 

history of metabolic bone disorders. Physical 

examination may reveal bone tenderness, muscular 

hypotonia, and skeletal deformities in severe cases. 

Early recognition of deficiency through clinical 

evaluation is crucial for initiating timely 

interventions that prevent irreversible skeletal 

damage and neuromuscular complications. 

Evaluation 

Evaluation of vitamin D status is indicated 

in individuals at high risk for deficiency, including 

older adults, individuals with limited sun exposure, 

malabsorption syndromes, obesity, chronic kidney or 

liver disease, and those on medications affecting 

vitamin D metabolism. Measurement of total serum 

25-hydroxyvitamin D remains the standard diagnostic 

test, as it reflects both dietary intake and endogenous 

synthesis [27]. Optimal serum levels of 25-

hydroxyvitamin D remain a subject of debate, but the 

International Society for Clinical Densitometry and 

the International Osteoporosis Foundation 

recommend maintaining concentrations above 30 

ng/mL to reduce the risk of falls and fractures in 

older adults [28]. 

 
Fig. 1: Vitamin D Deficiency. 
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Assessment should also consider racial and 

ethnic variations in bone mineral density and fracture 

risk. African Americans, for example, often have 

higher bone density and lower fracture incidence 

despite lower 25-hydroxyvitamin D levels compared 

to other populations. The response to calcium and 

vitamin D supplementation may differ across racial 

groups, highlighting the need for individualized 

evaluation and treatment planning. When deficiency 

is detected, clinicians should evaluate secondary 

hyperparathyroidism by measuring serum PTH and 

calcium levels. Elevated PTH in the context of low 

vitamin D confirms the presence of secondary 

hyperparathyroidism and guides therapeutic 

interventions. While the upper safe limit of 25-

hydroxyvitamin D is not precisely defined, 

concentrations above 100 ng/mL may increase the 

risk of hypercalcemia, and levels exceeding 150 

ng/mL are considered toxic, necessitating careful 

monitoring in patients receiving supplementation 

[29]. Comprehensive evaluation ensures accurate 

diagnosis, guides appropriate management, and 

mitigates the risk of long-term skeletal and systemic 

complications associated with vitamin D deficiency. 

Treatment / Management 

Vitamin D supplementation is the 

cornerstone in preventing and managing deficiency, 

and its formulation significantly influences efficacy. 

Among available options, vitamin D3 

(cholecalciferol) demonstrates superior potency 

compared to vitamin D2 (ergocalciferol) in elevating 

serum 25-hydroxyvitamin D levels, making it the 

preferred choice for correcting deficiencies [30]. The 

pharmacokinetic superiority of vitamin D3, including 

greater stability and longer half-life, translates into 

more consistent biochemical repletion and sustained 

maintenance of adequate vitamin D status. Prevention 

strategies for vitamin D deficiency emphasize age-

specific supplementation and lifestyle modifications. 

Adults younger than 65 who do not receive sufficient 

sun exposure year-round are advised to consume 400 

to 800 IU of vitamin D3 daily to maintain optimal 

serum levels. Older adults, particularly those aged 65 

years and above, require higher daily intake, ranging 

from 800 to 1,000 IU of vitamin D3, to reduce the 

risk of fractures, falls, and bone demineralization 

[31]. Caution is warranted with higher doses, as 

supplementation exceeding 4,000 IU daily is not 

recommended in adults with adequate vitamin D 

stores due to the potential for toxicity. Lifestyle 

modifications, including safe sun exposure and 

dietary intake of fortified foods, complement 

pharmacologic prevention. Management of 

established vitamin D deficiency is guided by 

baseline serum 25-hydroxyvitamin D concentrations 

and patient-specific risk factors. Vitamin D3 remains 

the agent of choice due to its higher efficacy in 

raising serum levels compared with vitamin D2 [32]. 

For patients with severe deficiency, defined as serum 

25-hydroxyvitamin D levels below 12 ng/mL, an 

intensive repletion regimen is recommended for 

approximately eight weeks. Oral supplementation 

may involve daily doses of 6,000 IU (150 mcg) or 

weekly doses ranging from 25,000 to 50,000 IU 

(625–1,250 mcg). Following normalization, typically 

defined by serum levels exceeding 30 ng/mL, a 

maintenance dose of 1,000 to 2,000 IU daily is 

advised. Patients with high-risk profiles, including 

individuals with obesity, malabsorption syndromes, 

African American or Hispanic descent, or those on 

medications accelerating vitamin D catabolism, may 

require higher initial doses up to 10,000 IU daily, 

with maintenance doses of 3,000 to 6,000 IU daily 

[32]. 

For moderate deficiency, with serum levels 

between 12 and 20 ng/mL, supplementation with 800 

to 1,000 IU daily is sufficient, with serum 

reassessment after three months to ensure correction. 

Individuals with mild deficiency or insufficiency, 

defined as serum levels between 20 and 30 ng/mL, 

typically achieve optimal status with 600 to 800 IU 

daily. Pediatric populations require tailored dosing 

strategies. Children with deficiency receive 2,000 IU 

daily or 50,000 IU weekly for six weeks, followed by 

a maintenance dose of 1,000 IU daily after achieving 

sufficient serum levels. Breastfed infants or children 

consuming less than one liter of fortified milk daily 

should receive 400 IU of vitamin D daily in 

accordance with American Academy of Pediatrics 

guidelines [33]. In individuals with persistent 

deficiency despite conventional therapy, calcitriol 

may be indicated. As the active form of vitamin D, 

calcitriol bypasses renal 1α-hydroxylation, making it 

particularly suitable for patients with advanced 

kidney disease or hypoparathyroidism. Careful 

monitoring of serum calcium is essential due to the 

increased risk of hypercalcemia [34]. Similarly, 

calcidiol, the major circulating metabolite of 

cholecalciferol, may be employed in patients with 

significant hepatic dysfunction because it does not 

require hepatic 25-hydroxylation for activation. 

Therapeutic dosing ranges from 30 to 200 μg daily, 

tailored to the degree of deficiency and hepatic 

impairment [35]. Treatment and management 

strategies emphasize individualized therapy, taking 

into account the severity of deficiency, comorbidities, 

age, baseline vitamin D status, and risk factors for 

impaired metabolism or absorption. Regular 

monitoring of serum 25-hydroxyvitamin D, calcium, 

and PTH levels is essential to guide therapy, assess 

efficacy, and avoid complications. When applied 

systematically, these interventions effectively restore 

and maintain optimal vitamin D status, thereby 

reducing the risk of skeletal complications, 

improving musculoskeletal function, and contributing 

to overall metabolic and systemic health. The 

integration of preventive supplementation with 

targeted therapeutic interventions ensures that both 

deficiency and insufficiency are addressed across 
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diverse populations, supporting long-term clinical 

outcomes and public health objectives. 

Differential Diagnosis 

Vitamin D deficiency often presents 

insidiously, making a comprehensive differential 

diagnosis essential for accurate identification and 

management. Several conditions can mimic or 

contribute to insufficient vitamin D status, either by 

impairing absorption, metabolism, or endogenous 

synthesis. Celiac sprue, a gluten-induced enteropathy, 

disrupts intestinal villous architecture, thereby 

reducing the absorption of fat-soluble vitamins, 

including vitamin D. Patients with cystic fibrosis 

experience malabsorption due to pancreatic enzyme 

insufficiency, resulting in chronic deficiencies of fat-

soluble vitamins, including vitamin D. End-stage 

liver disease also contributes to deficiency by 

impairing 25-hydroxylation, a critical hepatic step in 

vitamin D activation. In addition to these disease-

related causes, lifestyle and environmental factors 

must be considered. Insufficient sunlight exposure 

remains a major contributor, particularly in 

individuals living at high latitudes, those with limited 

outdoor activity, or those who consistently employ 

sun-protective measures such as clothing or 

sunscreen. Dietary inadequacy is another key factor, 

particularly in populations with low intake of 

fortified foods or naturally rich sources such as fatty 

fish, cod liver oil, or fortified dairy products. The use 

of certain medications, including antiepileptic drugs 

like phenytoin, carbamazepine, and phenobarbital, 

accelerates hepatic metabolism of vitamin D, 

increasing the risk of deficiency over time. Chronic 

corticosteroid therapy similarly impairs vitamin D-

mediated calcium absorption and bone metabolism. A 

systematic approach that incorporates these potential 

contributors allows clinicians to differentiate primary 

vitamin D deficiency from secondary forms arising 

from malabsorption, metabolic derangements, or 

medication-induced alterations. Comprehensive 

assessment should include a detailed dietary history, 

medication review, lifestyle evaluation, and screening 

for gastrointestinal or hepatic disorders. Laboratory 

evaluation, including measurement of serum 25-

hydroxyvitamin D, parathyroid hormone, calcium, 

and phosphate, helps corroborate clinical suspicion 

and guide individualized treatment strategies. 

Recognizing these differential factors ensures early 

intervention, prevents skeletal complications, and 

addresses underlying etiologies to maintain long-term 

bone health and systemic physiological function. 

Properly identifying the etiology also informs public 

health strategies, especially in high-risk populations 

where deficiency is prevalent due to environmental or 

dietary limitations. 

Pertinent Studies and Ongoing Trials 

Evidence from large-scale clinical trials and 

meta-analyses has consistently highlighted the 

potential benefits of vitamin D supplementation 

beyond bone health, with implications for mortality, 

cancer prevention, and chronic disease management. 

A comprehensive meta-analysis of eighteen 

randomized controlled trials encompassing over 

57,000 participants demonstrated that daily 

supplementation with vitamin D significantly reduced 

total mortality rates, supporting its role in overall 

population health [36]. This finding underscores the 

importance of maintaining adequate serum 25-

hydroxyvitamin D levels, particularly among older 

adults and individuals with chronic health conditions, 

as a preventive strategy. Further evidence emerges 

from the Women’s Health Initiative, which evaluated 

the combined supplementation of calcium and 

vitamin D. The study revealed that supplementation 

was associated with a reduced risk of total cancer, as 

well as site-specific reductions in breast and 

colorectal cancers, although overall mortality was not 

significantly altered [37]. These findings suggest that 

vitamin D, in combination with calcium, may play a 

protective role in neoplastic processes, potentially 

through mechanisms involving cellular 

differentiation, apoptosis, and immune modulation. 

Additional research specifically targeting 

postmenopausal women found that calcium plus 

vitamin D supplementation significantly decreased 

the risk of all cancers, highlighting a population that 

may derive particular benefit from repletion strategies 

[38]. 

Beyond cancer prevention, vitamin D 

supplementation has demonstrated benefits in chronic 

pulmonary conditions. A meta-analysis of three 

randomized trials revealed that patients with chronic 

obstructive pulmonary disease (COPD) and baseline 

serum 25-hydroxyvitamin D levels below 25 nmol/L 

experienced fewer exacerbations following 

supplementation [39]. This effect may relate to 

vitamin D’s immunomodulatory properties, including 

regulation of innate and adaptive immune responses, 

which reduce susceptibility to respiratory infections 

and inflammatory triggers. Ongoing trials continue to 

investigate the broader systemic effects of vitamin D, 

including cardiovascular outcomes, metabolic 

regulation, and neurocognitive function. Many 

studies aim to define optimal dosing strategies, 

particularly in high-risk populations, including 

individuals with obesity, malabsorption syndromes, 

chronic kidney or liver disease, and ethnic groups 

with higher melanin content that reduces cutaneous 

synthesis. Collectively, these studies provide a 

growing evidence base supporting the role of vitamin 

D as a critical micronutrient with both skeletal and 

extra-skeletal benefits, guiding clinical 

recommendations and public health policies. 

Toxicity and Adverse Effect Management 

Vitamin D is a fat-soluble nutrient, which 

inherently increases the risk of accumulation and 

toxicity when administered in excessive doses. 

Hypervitaminosis D, though uncommon, typically 
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results from prolonged or extreme oral 

supplementation rather than ultraviolet-mediated 

synthesis. Toxicity is generally reported when serum 

25-hydroxyvitamin D levels exceed 88 ng/mL, and 

acute manifestations of excessive vitamin D intake 

are primarily related to hypercalcemia. Clinical 

presentations may include neurocognitive 

disturbances such as confusion, gastrointestinal 

symptoms including anorexia and vomiting, 

excessive urination (polyuria), excessive thirst 

(polydipsia), and generalized muscle weakness. 

Chronic toxicity may result in nephrocalcinosis, renal 

impairment, and diffuse bone pain due to 

dysregulated calcium-phosphate metabolism. 

Management of vitamin D toxicity requires prompt 

discontinuation of vitamin D supplements, restriction 

of dietary calcium intake, and careful monitoring of 

serum calcium and renal function. In cases of severe 

hypercalcemia, acute interventions may include 

intravenous hydration with isotonic saline, loop 

diuretics to enhance calcium excretion, and 

bisphosphonates to inhibit osteoclastic bone 

resorption. Glucocorticoids may be indicated in 

specific cases, particularly where there is 

concomitant granulomatous disease causing 

endogenous vitamin D overproduction. Clinicians 

must remain vigilant in monitoring high-risk 

populations, including those receiving high-dose 

supplementation for deficiency correction or 

individuals with impaired renal or hepatic function, 

as they are particularly susceptible to adverse effects. 

Preventive strategies include adherence to 

recommended upper intake levels, individualized 

dosing based on baseline serum 25-hydroxyvitamin 

D, and periodic biochemical monitoring during long-

term supplementation. Proper patient education on 

the risks of excessive vitamin D intake is also 

essential to mitigate inadvertent toxicity and ensure 

safe correction of deficiency [38]. 

Prognosis 

The prognosis of vitamin D deficiency is 

generally favorable with timely and appropriate 

intervention. Restoration of adequate vitamin D 

status through supplementation or lifestyle 

modifications allows for normalization of calcium 

homeostasis, reduction of secondary 

hyperparathyroidism, and reversal of early skeletal 

demineralization. When deficiency is identified and 

treated before the development of irreversible bone 

disease, patients typically recover without long-term 

complications. Outcomes are particularly positive in 

populations adhering to recommended 

supplementation regimens, with documented 

improvements in bone mineral density and reduced 

incidence of fractures, falls, and related morbidity. 

However, prolonged or severe vitamin D deficiency 

can have deleterious effects on musculoskeletal and 

systemic health. Chronic insufficiency may 

contribute to osteomalacia in adults, rickets in 

children, and osteoporosis across all age groups. 

These conditions increase susceptibility to fragility 

fractures, impaired mobility, and diminished quality 

of life, particularly in elderly individuals. 

Furthermore, emerging evidence suggests that 

chronic deficiency may exacerbate susceptibility to 

infections, influence immune regulation, and 

potentially contribute to metabolic and cardiovascular 

disorders. Prognostic outcomes depend on the 

severity and duration of deficiency, the presence of 

comorbidities, and the timeliness of intervention. 

Early recognition, assessment of underlying 

etiologies, and individualized supplementation are 

critical for optimizing long-term health and 

preventing irreversible skeletal and systemic 

complications associated with vitamin D deficiency 

[38]. 

Complications 

Vitamin D deficiency is associated with a 

spectrum of complications that affect skeletal, 

muscular, and systemic health. Skeletal 

complications are among the most pronounced, with 

chronic deficiency predisposing individuals to 

osteomalacia in adults and rickets in children. 

Insufficient vitamin D disrupts calcium and 

phosphorus homeostasis, resulting in defective bone 

mineralization, cortical thinning, and increased bone 

fragility. Consequently, patients are at higher risk of 

low-impact fractures and long-term skeletal 

deformities, particularly when deficiency is 

prolonged or severe. In older adults, the combination 

of bone demineralization and muscle weakness 

heightens the risk of falls, contributing further to 

fracture incidence and associated morbidity. 

Muscular complications include proximal muscle 

weakness, reduced muscle mass, and impaired 

function, which collectively compromise postural 

stability and physical performance. Deficient 

individuals frequently present fatigue, myalgia, and 

diminished exercise tolerance. Beyond the 

musculoskeletal system, long-term vitamin D 

deficiency is increasingly recognized as a contributor 

to systemic complications, including heightened 

susceptibility to infections, increased risk of 

autoimmune disorders, and potential exacerbation of 

cardiovascular disease. Chronic insufficiency may 

also influence metabolic processes, insulin 

sensitivity, and inflammatory pathways, amplifying 

overall morbidity. The compounded effects of these 

complications underscore the importance of early 

detection and timely intervention. Preventive 

supplementation, lifestyle modification, and 

correction of underlying causes, such as 

malabsorption or inadequate sunlight exposure, are 

essential to mitigate these risks. Monitoring high-risk 

populations, including the elderly, institutionalized 

individuals, and those with chronic illnesses, allows 

for proactive management and reduces the burden of 

vitamin D deficiency-related complications on 

individual and public health outcomes [38][39]. 

Patient Education 
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Patient education on vitamin D is critical to 

ensure appropriate supplementation and prevent 

deficiency-related complications. Vitamin D’s 

skeletal benefits are well-documented, particularly 

for individuals with serum 25-hydroxyvitamin D 

levels below 20 ng/mL, and are most pronounced in 

those with severe deficiency under 12 ng/mL. 

Adequate vitamin D status supports calcium 

homeostasis, bone mineralization, and skeletal 

integrity. In children, sufficient vitamin D prevents 

rickets and promotes proper bone growth, while in 

adults it helps maintain bone density and reduce the 

risk of fractures. Older adults, especially those at risk 

of osteoporosis, benefit from vitamin D 

supplementation as part of a comprehensive strategy 

that includes calcium intake and physical activity 

[40]. Educating patients about the importance of 

consistent supplementation, appropriate dosing, and 

lifestyle factors such as sunlight exposure is essential 

for effective prevention and management of 

deficiency. Beyond skeletal health, observational 

studies have suggested potential links between 

vitamin D and extraskeletal outcomes, including 

cardiovascular disease, cancer, immune function, and 

type 2 diabetes mellitus. However, results from large 

randomized controlled trials, including VITAL, 

ViDA, and D2d, involving more than 30,000 

participants collectively, indicate that 

supplementation in adults with sufficient baseline 

vitamin D levels does not reduce the risk of 

cardiovascular events, cancer, type 2 diabetes, or 

overall mortality [41][42][43][44][45]. Additionally, 

recent studies have not demonstrated clear benefits of 

supplementation in preventing falls among older 

adults [46][47][48]. Patients must understand that 

supplementation is most effective when deficiency is 

present and that unnecessary intake above 

recommended levels may not confer additional health 

benefits. Despite these findings, many individuals 

with confirmed deficiency remain unsupplemented, 

while some replete individuals continue 

supplementation unnecessarily [49]. Patient 

education should focus on identifying personal risk 

factors, understanding appropriate dosage and 

duration, and emphasizing periodic monitoring for 

high-risk groups. Counseling should also address the 

potential adverse effects of excessive intake, 

including hypercalcemia, kidney injury, and toxicity, 

reinforcing that individualized supplementation, 

guided by serum 25-hydroxyvitamin D measurement 

and clinical evaluation, is the safest and most 

effective approach. 

Enhancing Healthcare Team Outcomes 

Effective management of vitamin D 

deficiency relies on a coordinated interprofessional 

approach to ensure accurate screening, diagnosis, 

supplementation, and monitoring. Despite its 

prevalence, vitamin D deficiency is frequently 

overlooked in both outpatient and inpatient care 

settings. The U.S. Preventive Services Task Force 

does not recommend universal screening; however, 

targeted assessment of high-risk individuals is critical 

to prevent long-term complications, including bone 

disorders, muscle weakness, and fractures. Healthcare 

providers must recognize populations at heightened 

risk, including older adults, nursing home residents, 

individuals with osteoporosis, hospitalized patients, 

and those with chronic kidney disease, liver disease, 

or malabsorption syndromes. African American and 

Hispanic individuals are also disproportionately 

affected due to differences in skin melanin content, 

dietary intake, and potential socioeconomic barriers 

to healthcare access. The healthcare team should 

include physicians, nurse practitioners, pharmacists, 

dietitians, and laboratory specialists working 

collaboratively to provide comprehensive care. 

Physicians and nurse practitioners are responsible for 

assessing patient risk, ordering appropriate laboratory 

testing, interpreting results, and prescribing 

supplementation. Pharmacists play a crucial role in 

ensuring the correct formulation, dose, and duration 

of vitamin D therapy while monitoring for potential 

drug-nutrient interactions. Dietitians provide 

nutritional counseling, encouraging consumption of 

vitamin D-rich foods and fortified products, and 

integrating lifestyle interventions such as safe 

sunlight exposure. Laboratory professionals ensure 

accurate measurement of serum 25-hydroxyvitamin 

D levels, which is essential for guiding therapy and 

monitoring treatment response. Communication and 

care coordination are essential to optimize outcomes. 

High-risk patients should have individualized 

supplementation plans, periodic monitoring of serum 

vitamin D and calcium levels, and education 

regarding adherence and potential adverse effects. 

Incorporating electronic health records and clinical 

decision support systems can help flag high-risk 

individuals, track supplementation, and alert 

providers to abnormal laboratory results. Through a 

structured, interprofessional approach, healthcare 

teams can effectively identify deficiency, implement 

evidence-based interventions, and reduce the 

incidence of associated complications, ultimately 

improving skeletal health and overall patient well-

being [40][41]. 

Conclusion: 

Vitamin D deficiency remains a prevalent 

and recognized global health concern with significant 

skeletal and systemic consequences. Although many 

affected individuals are asymptomatic, chronic 

insufficiency contributes to secondary 

hyperparathyroidism, bone demineralization, muscle 

weakness, and increased fracture risk, particularly 

among elderly and high-risk populations. Early 

identification through targeted screening and accurate 

laboratory assessment of serum 25-hydroxyvitamin D 

is critical for timely intervention. Vitamin D3 

supplementation represents the most effective 
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strategy for both prevention and treatment, with 

dosing tailored to baseline levels, age, comorbidities, 

and risk factors affecting absorption or metabolism. 

Evidence indicates that supplementation offers the 

greatest benefit in individuals with confirmed 

deficiency, while excessive or unnecessary intake 

may increase toxicity risk.  An interprofessional 

healthcare approach—integrating physicians, 

pharmacists, dietitians, and laboratory 

professionals—is essential to optimize patient 

outcomes. Public health efforts focusing on 

education, prevention, and individualized 

management are vital to reducing the long-term 

burden of vitamin D deficiency and improving 

overall population health. 
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