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Abstract

Introduction: Vitamin D is critical in the musculoskeletal system because it maintains calcium and phosphate balance and dynamics.
Vitamin D deficiency has been well-known for decades, and it causes various musculoskeletal diseases such as rickets, osteoporosis,
etc. However, in the past two decades, vitamin D was found to strongly influence multiple other systems, such as the immune system,
respiratory system, cardiovascular system, and cancer. Vitamin D plays a specific role in immune activation for combating various in-
fections and pathologically undoing some autoimmune conditions. Vitamin D acts on immunocytes unidirectionally to modulate the
immune system via stimulatory or suppressive actions and offers better immunological outcomes. Apart from calcium metabolism
disorders, vitamin D deficiency may also lead to various acute and chronic diseases such as type 2 diabetes mellitus, cancers, and

cardiovascular diseases. Therefore, it is essential to understand the role of vitamin D in the extra-musculoskeletal field.
Aim of the Study: The aim of the present review is to understand the various extra-skeletal role of vitamin D.

Methodology: The review is the comprehensive research of PUBMED since the year 1989 to 2021.
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Conclusion: Deficiency and insufficiency of Vitamin D is now a well-recognized global health problem. A multitude of studies sug-
gests that deficiency of Vitamin D not only affects bone health but also has negative effects on the endocrine system, cardiovascular
system, and respiratory systems leading to acute and chronic illnesses in the long term, such as cancer, type 2 diabetes mellitus,
mental illness, neuropsychiatric disorders, neurocognitive dysfunction, infertility, an adverse outcome in pregnancy and childbirth.
This suggests and justify the enhanced recommendation to children and adult in their diet and increasing the level of vitamin D via
supplements and appropriate sun exposure.

Keywords: Vitamin D Deficiency; Osteoporosis; Vitamin D; 25-Hydroxyvitamin D; Fractures; Cancer; Type 2 Diabetes Mellitus; Autoim-
mune Diseases; Cardiovascular Diseases; Infectious Diseases

Introduction

Phytoplanktons have been producing vitamin D for more than 500 million years. Vitamin D is known to be the oldest of all the hor-
mones produced in the body. Earlier, the major function of Vitamin D in early life forms was to protect the ultraviolet-sensitive macromol-
ecules like DNA, RNA and protein from sunlight so they could undergo photosynthesis. With evolution, the role of vitamin D changed as
marine animals moved to land and became vertebrae with skeletons. The skeleton structure needed calcium homeostasis maintenance
which was the major physiological problem faced earlier compared to that of ocean creatures (rich in calcium). The presence of vitamin D
ensured this calcium homeostasis by intestinal absorption of calcium from diet and maintained the calcified skeleton of mammals. How-
ever, to this date, having sufficient dietary requirements of vitamin D, either from sunlight or dietary source, is crucial. Over a long period
of time, Vitamin D evolved into a hormone that plays an important role in the skeletal and extra-skeletal health of humans. It is known to
regulate approximately 2000 genes. The upregulation of vitamin D shows differences, not only in ethnical but in gender too. The differ-
ence in skin pigmentation is of evolutionary importance. Humans living at latitudes, far from the equator, are light-skinned and tend to
produce more vitamin D compared to dark-skinned humans. Gender differences are also seen; females having a lighter tone than males

reflect more light and need a higher amount of vitamin D, especially during pregnancy and lactation [1-3].
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Figure 1: Depicting various extraskeletal effects of vitamin D deficiency [5].
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Various sources of vitamin D
The main sources are:
e  Sunlight
e  Supplements (Multivitamin, Vitamin 3, Drisdol (vitamin D2) liquid, Vitamin D2 - Ergocalciferol)

e Diet (Cod liver oil, egg yolk, milk, mackerel, salmon, cheddar cheese, butter, breakfast cereals, yogurt, mushroom, fortified orange
juice) [4].

Figure 2: Chemical structures of vitamin D2 and vitamin D3 [5].

Metabolism [6]

Vitamin D via dietary or supplemental intake or cutaneous synthesis

Transported to fat (Stored in lover)
First Activation - hydroxylation to 25-hydroxyvitamin D [25(0H)D]
(Major circulating form of vitamin D)

'

In kidneys = 25-hydroxyvitamin D is metabolized to 1,25-dihydroxy vitamin D [1,25(0H)2D]
(systemically circulating active) by mitochondrial enzyme 25-hydroxyvitamin D-1a-hydroxylase
(CYP27B1) and is regulated by various factors such as fibroblast growth factor 23 (FGF-23),
serum phosphorus, calcium and parathormone (PTH)

Enzyme 25-hydroxyvitamin D-1a-hydroxylase (CYP27B1) is also expressed in various tissues
such as the parathyroid gland, placenta, prostate, macrophages, keratinocytes, T-lymphocytes,
dendritic cells, and several cancer cells which explains the extra-skeletal role of vitamin D.

Destruction of 1,25(0H)2D - own rapid destruction by inducing 25-hydroxyvitamin D-24-
hydroxylase (CYP24A1) - multistep catabolism of both 1,25(0H)2D and 25(0H)D into water-

soluble metabolites (calcitroic acid) [6]

Figure A
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Figure 3: Schematic representation of admission and metabolism of vitamin D. Vitamin D is supplied by cutaneous synthesis or diet intake.
The bloodstream takes it into the liver, where its chemical structure is changed by hydroxylation. Then it is sent to the kidneys for another
hydroxylation. Finally, the active metabolite 1,25(0OH)D circulates through the body in order to be effective [6].

Vitamin D deficiency and various extra muscular implication
Cancer

Population living at higher latitudes have lower UV exposure and therefore, there is low production of Vitamin D, which is known to be
associated with an increased risk of various types of cancers such as bladder, breast, colon, cervical, endometrial, gastric, esophageal, lung,
ovarian, rectal, pancreatic, renal, and vulvar cancer and Hodgkin’s and non-Hodgkin’s lymphoma. According to many case-cohort studies,
there is an inverse association between the incidence of cancer, mortality from these cancers, and 25(0H)D, but these studies have certain
limitations since a low level of 25(0H)D is also associated with factors causing cancer such an obesity (Fatty storage of 25(0OH)D) and lack

of physical activities (less outdoors exposure to the sun) [4,5,7].

Anti-carcinogenic effects of vitamin D can be explained by the fact that vitamin D and its metabolites reduce the incidence of cancer
by inhibiting tumor angiogenesis, allowing mutual adherence of cells, increasing intercellular communication through gap junctions,
and contact inhibition that is tight physical contact with adjacent cells causing inhibition of proliferation. The metabolites of vitamin aid
in maintaining a normal gradient of calcium in the epithelium of colon crypts, decreasing the proliferation of non-cancerous high-risk
epithelial cells in the colon, mitosis inhibition in epithelial cells of breast, terminal differentiation, and apoptosis induced by the pulsatile
release of calcium ion from stored of the endoplasmic reticulum. It also promotes cyclin-dependent kinase (CDK) inhibitor synthesis and

influences several growth factors needed for cell division [9].
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Figure 4: Vitamin D in events of signal transduction and possible anti-cancer mechanism of vitamin D [8].

Cardiovascular system

Most of the prospective studies suggest that there is an inverse relationship between 25(0H)D serum levels and cardiovascular risk.
A prospective Intermountain Heart Collaborative Study (40,000 participants) suggests that 25(OH)D < 15 ng/mL compared to 25(0H)
D > 30 ng/mL was associated with a higher increase in the prevalence of hypertension, hyperlipidemia and peripheral vascular disease,

myocardial infarction, coronary artery diseases, heart failure, stroke [5,10].

There are various cardiovascular pleiotropic effects of Vitamin D. It activates its nuclear receptor in cardiomyocytes and vascular en-
dothelial cells and regulates the renin-angiotensin-aldosterone system, energy expenditure, adiposity, and pancreatic cell activity. Vitamin
D deficiency is commonly seen associated with the following left ventricular hypertrophy, vascular dysfunction, arterial stiffening, and

worsened status of hyperlipidemia, diabetes, and hypertension, altogether leading to significant morbidity and mortality [11].

The vitamin D receptor and 1-a-hydroxylase, which converts vitamin D into the hormonal 1,25-0H, are found in cardiovascular tissues.
The experimental models lack Vitamin D receptor highlight and its tissue-specific activity. For example, knockout of vitamin D receptor
leads to an increase in ventricular mass, dyshomeostasis of cardiac metalloproteinases and fibroblasts atrial natriuretic peptide levels,
and thereby promotes the formation of a fibrotic extracellular matrix. This also leads to ventricular dilation, followed by impaired elec-

tromechanical coupling [11].
Immune system

According to many ecological studies, there is a relation between latitude and the prevalence of certain autoimmune diseases. This
indicates the role of sunlight and vitamin production in type 2 diabetes mellitus, Crohn’s disease and multiple sclerosis, rheumatoid ar-

thritis, and inflammatory bowel diseases [12,13].
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Figure 5: Mechanism of vitamin D deficiency and increased risk of cardiovascular disease [11].

Mechanism of vitamin D in immune system [12,13]
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Figure 6: Showing role of vitamin D in immune system [5].

The above mechanism shows the association of vitamin D and its role in the pathophysiology of the autoimmune system. Regulation
of chemokine production, differentiation of immune cells for self-tolerance, and counteracting autoimmune inflammation may also be
associated with vitamin D. There is an inhibition of the adaptive immune system and enhancement of innate immunity by the interaction
between antigen-presenting cells and lymphocytes. 12131 By the proliferation of dendritic cells and an increased quantity of Th2 lympho-
cytes, vitamin D can exert anti-inflammatory and immunoregulatory responses. Enzymes needed to produce 1,25(0H)2D and vitamin D
receptor is also present in immune cells, which is why certain polymorphism in the Vitamin D receptor gene can affect the risk of autoim-

mune diseases, their activity, and onset [12].

Immune cells have both the enzymatic machinery to produce Vitamin D receptors and 1,25(0H)2D. This explains the fact that certain
polymorphisms in the Vitamin D receptor gene affect the risk for multiple autoimmune diseases, the time of onset of disease, and disease
activity [13].

Infectious diseases

The effects of vitamin D on the regulation of the immune system explain its role in fighting various infectious diseases. Vitamin D
stimulates and enhances innate immunity and fights against various microbes, such as influenza, viral upper respiratory tract infection,
and tuberculosis. Since the 20th century, cod liver oil has been given as a supplement to tuberculosis patients, and later they were treated
with heliotherapy (sun exposure). Niels Ryberg Finsen, 1903 was awarded the Nobel prize for his contribution to the treatment of the
disease lupus vulgaris (tuberculosis of the skin) with concentrated light radiation. Vitamin D is identified as an active component in cod-
liver oil, which is used to treat lupus vulgaris. Hence it was concluded that calciferol in an adequate dose could cure lupus vulgaris. With
the increased use of antibiotics in the recent era, this old treatment modality is long forgotten, but recent studies suggest a major role of

vitamin D in reducing the risk of various infectious diseases [14-17].
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Mechanisms of vitamin D as an anti-infectious agent

Pathogen-associated molecular patterns (PAMPs) of microbes can be sensed by monocytes and macrophages since microbes use their
toll-like receptors (TLRs). These toll-like receptors induce vitamin D receptors and CYP27B1, causing serum concentration dependant
local production of 1,25(0H)2D 145 228, which in turn enhance innate immunity and produce antimicrobial peptides such as cathelici-
din, nicotinamide adenine dinucleotide phosphate (NADPH) oxidase producing reactive oxygen species and reactive nitrogen species by
autophagy and enzyme nitric oxide synthase (iNOS) [15,18].

Conclusion

Deficiency and insufficiency of Vitamin D is now a well-recognized global health problem. Various multitude studies suggest that defi-
ciency not only affect bone health but also have negative effects on the endocrine system, cardiovascular system, and respiratory systems
leading to acute and chronic illness in the long term, such as cancer, type 2 diabetes mellitus, mental illness, neuropsychiatric disorders,
neurocognitive dysfunction, infertility, an adverse outcome in pregnancy and childbirth. This suggests and justifies the enhanced recom-

mendation to children and adults in their diet and increasing the level of vitamin D via supplements and appropriate sun exposure.
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