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There are two sources of vitamin D, namely from food and sun exposure. The 
content of vitamin D is given beneficial in bone and mineral metabolism. Vitamin 
D helps absorption of calcium in the intestines, thereby accelerating bone 
mineralization. Bone metabolism is a complex process that occurs throughout 
life. Very high doses of vitamin D can stimulate an increased rate of bone loss. 
Vitamin D deficiency causes bone demineralization. Which can cause a decrease 
in calcium absorption. The functions of these metabolites vary widely in vital 
metabolic pathways. This review aims to determine the specific function of 
vitamin D in bone. The search for the data base was carried out by the analytical 
method.  Vitamin D which is absorbed from food or comes from the skin turns 
into an active form in the form of 1,25- (OH) 2-D3 which will enter the 
bloodstream, playing an important role in bone and extra-skeletal health. 
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INTRODUCTION 

Vitamin D plays a role in bone metabolism and is an agent in several extra-skeletal diseases 
(outside the relationship with bone) such as malabsorption, cardiovascular, metabolic, cancer, 
autoimmune, and neurological disorders (Bouillon, et. al, 2018). Bone metabolism is a complex 
process that occurs throughout life. Bones are constantly changing through two processes: modelling 
and renovation (Wu-Wong, 2006). Bone modelling is the process of forming new bone of bone which 
changes the shape of the bone to adapt to the forces in the environment. Bone remodelling is the 
process of removing old bone tissue that is being replaced with new tissue, which is important for 
bone mineral homeostasis. 

At present, most humans already know that sunlight can fulfill human vitamin D needs through 
synthesis in the skin (80-90%) although there is a lot of sunlight in various countries, vitamin D 
deficiency has now undeniably become a problem (Wacker, 2013). It is a very common condition, 
and has been considered a widespread public health problem affecting more than 90%, but this 
depends on the population studied at that time. The need for vitamin D intake in humans also varies 
according to age. Starting from children, adolescents of childbearing age, adults, post menopause, 
and the elderly (Nimitphong & Holick, 2013). 

There are several factors that influence the skin's vitamin D production, such as winter time, 
distance from the equator, high levels of melanin, and aging. Major changes that have occurred in 
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lifestyle habits over the past few decades can also affect vitamin D synthesis. These include low sun 
exposure or exposure when there are lower levels of radiation intensity (Nimitphong & Holick, 
2013). Sources of vitamin D derived from food are divided into several types, including those from 
original sources, namely vitamin D from breast milk, fortified foods and supplements. Source of 
vitamin D derived from foods include fish. oils such as salmon, mackerel, sardines, cod liver oil, liver 
and egg yolks (Nimitphong & Holick, 2013). 

Vitamin D metabolites have many effects on the systemic calcium homeostatic mechanisms 
impacting bone. Vitamin D deficiency causes hypocalcemia and hypophosphatemia which can lead to 
rickets (Anderson, et.al, 2011). Vitamin D deficiency can also lead to impaired bone mineralization 
due to inefficient absorption of calcium and phosphorus and is associated with increased levels of 
parathyroid hormone (PTH). Vitamin D metabolism can also alter bone response to growth hormone 
and gene expression and secretion of growth factors which can have an effect. on bones and 
modulates the action of vitamin D metabolites on bones. Bone strength is determined by a 
combination of bone mass, morphology, and microarchitecture (Anderson, 2017). 

METHOD 

This research was carried out using a leading scientific database. To find relevant keywords, 
we focused on the metabolic pathways of Vitamin D and its role in bone health. The articles included 
in this study series were published up to 2024. We examined the metabolism of Vitamin D through 
a narrative review, original research articles, and other pertinent sources. 

RESULTS AND DISCUSSION 

Metabolism of Vitamin D 
Bone metabolism is a complex process that occurs throughout life. Bones are constantly 

changing through two processes: modeling and renovation. Bone modeling is the process of forming 
new bone which changes the shape of the bone to adapt to the forces in the environment. Bone 
remodeling is the process of removing old bone tissue that is being replaced with new tissue, which 
is important for bone mineral homeostasis. Osteoblasts and osteocytes play two important roles in 
these two processes (Blomberg, 2010).  Vitamin D delivered to the liver by vitamin D-binding protein 
(DBP) that is responsible for the transport of all vitamin D metabolites and transported therefore 
mainly protein bound. In the liver, there is vitamin D hydroxylated by 25-hydroxylase into the main 
circulating form of the hormone 25-hydroxyvitamin D. Excess non-hydroxylated vitamin D is stored 
in the liver, adipose, tissue and muscles. 25 [OH] D, bound to DBP, is transported to the proximal 
tubular cells of the kidney. DBP is degraded and 25 [OH] D3 is hydroxylated by 1α-hydroxylase 
[CYP27B1] to the biologically active form of the hormone, 1,25 di-hydroxyvitamin D3 [1,25 [OH] 
2D3] [calcitriol] [25]. But the kidneys are not the only source of CYP27B1: it has also been detected 
in tissues such as the colon, brain, and pancreas to show different autocrine hormone functions 
(Demster, 2006). The regulation of CYP27B1 in the renal tubules is controlled by fibroblast growth 
factor [FGF-23] and by parathyroid hormone [PTH]. PTH is stimulated while FGF-23 inhibits renal 
production of 1α-hydroxylase through a series of feedbacks. After the hormone is metabolized, it is 
converted into calcitroic acid and excreted (Bouillon, 2001). The main effect of vitamin D is to 
increase the absorption of calcium in the small intestine. With hypocalcemia, increased PTH secretion 
stimulates renal production of 1,25 [OH] 2 D3. The hormone interacts with vitamin D receptors [VDR] 
in intestinal cells and complexes with retinoic acid x receptor [RXR] in the nucleus. Increased 
differentiation of osteoblasts and overexpression of VDR (Vitamin D Receptor) in mature osteoblasts 
leads to increased bone density which can block the mineralization pathway to trigger 
hypersteoidosis resulting in abnormal maturation of osteoblasts (Wronski et al, 1986; Hock et al, 
1986). Apart from its role in promoting bone formation, Vitamin D also promotes bone resorption by 
increasing the number and activity of osteoclasts (Suda et al, 1992). 

The complex binds to the vitamin D responsive element [VDRE] from the calcium channel 
[TRPV6] which increases calcium uptake into cells and increases calcium absorption. Second, in 
osteoblasts, vitamin D interacts with VDR and increases plasma membrane expression of RANKL 
[Receptor Activator for Nuclear Factor κ B Ligand]. RANK on preosteoclasts binds to RANKL on 
osteoblasts which in turn converts preosteoclasts into osteoclasts. This conversion releases 
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chemicals such as hydrochloric acid to metabolize calcium deposits from the bones into the 
circulation to maintain an optimal physiological range (Frost, 1990). 

 

 
Figure 1. Metabolism of Vitamin D in Human (Modified from Anderson, 2011) 

 

Effect of Vitamin D 
Vitamin D is a steroid hormone which is important for calcium absorption and bone 

mineralization which is positively related to bone mineral density. The main effect of vitamin D is to 
increase the absorption of calcium in the small intestine specifically in the ileum and jejunum 
(Bouillon et al, 2001; Holick, 2006; Khosla, 2001; Laird et al, 2010; Holick, 2007). Research has been 
conducted using specific vitamin D, namely serum 25 (OH) vitamin D3 (Carbonare et al, 2018). In 
early childhood, vitamin D will induce the cessation of pre-adipocyte growth. Vitamin D in adult 
adipocytes has a smaller effect than pre-adipocytes in children (Felicidade, 2018). The inhibition of 
adipocyte differentiation depends on the concentration of vitamin D present in the body. In 
particular, vitamin D inhibits adipogenesis by reducing the expression of genes encoding CCAAT-
enhancer-binding proteins (C / EBPs), PPARγ, lipoprotein lipase (LPL), and adipocyte protein 2 
(aP2). All of these proteins are involved in the early and late phases of adipocyte differentiation (Kong 
& Li, 2006). 

Waist circumference reflects visceral adiposity which is directly related to cardiovascular 
disease and metabolic disorders, and shows clearly that vitamin D depends on body mass as 
explained by the concept of vitamin D storage in adipose tissue (Gallagher, 2013). Research shows 
that waist circumference is highly correlated with vitamin D absorption and fat mass. Adipocyte 
damage which is considered to influence waist circumference can trigger MSC differentiation into 
osteoblasts. Transcription factors PPARγ and RUNX2 affect the differentiation of mesenchymal stem 
cells into adipocytes or osteoblasts (Carbonare et al, 2018; Ge et al, 2016). However, the reduction in 
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waist circumference in patients on vitamin D therapy can be explained by a direct effect on the pre-
adipocyte pathway (Carbonare et al, 2018). 

Bone mineral density or (BMD) is a useful measure for predicting fracture risk (Duppe et al, 
1997; Marshall et al, 1996). This increase in vitamin D and PTH status did not benefit bone mass and 
bone turnover parameters (Andersen et al, 2008). Total BMD increased significantly in the hip and 
spine, not in the femoral neck, in both arms. Meanwhile, subtotal BMD increased only at high doses 
(Rahme et al, 2017). In the elderly, vitamin D deficiency can lead to low levels of bone density, poor 
muscle function, and the risk of fractures and osteoporosis. Adequate and inadequate 
supplementation of calcium and vitamin D has been shown to reduce the risk of bone loss and 
fracture (Arabi et al, 2006; Dawson-Hughes et al, 1997; Holick, 2007; Chapuy et al, 2002; Murad, 
2011; Reid, 2015; Bolland, 2014). 

Bone strength is determined by a combination of bone mass, morphology, and 
microarchitecture (Samelson et al, 2019). Vitamin D supplementation at doses of 700-800 IU reduces 
the risk of hip and nonvertebral fractures in the elderly. But the dose of vitamin D at a dose of 400 IU 
is not sufficient for prevention of fractures (Jennings et al, 2018). High doses of vitamin D can 
suppress PTH (Parathyroid Hormone) directly on parathyroid cells or indirectly by increasing 
intestinal calcium absorption. This may reduce PTH-mediated bone formation. However, if high 
doses of vitamin D did stimulate increased rate of bone loss, this could be of greater clinical 
significance in the elderly with osteoporosis (Burt et al, 2019). There is also evidence that very high 
doses of vitamin D (monthly or yearly) can be dangerous, with an increased risk of falls or fractures 
(Sanders et al, 2010; Sanders et al, 2013). Other studies have shown that vitamin D supplements only 
increase bone density in adults with adequate calcium intake and according to dosage (Macdonald et 
al, 2018). Vitamin D therapy in osteomalacia, results in a 50% increase in BMD within 12 months (El-
Desouki et al, 2004). 

Vitamin D is essential for bone health. The correlation is also tied to muscle strength, 
minimizing the risk of inflammation in the bones (Laird, 2010) (Figure 1). Vitamin D plays a role in 
bone metabolism and agents in several extra-skeletal diseases (outside the relationship with bone) 
such as malabsorption, cardiovascular, metabolic, cancer, autoimmune, and neurological disorders 
(Cashman, 2018; Carbonare et al, 2017; Ebeling et al, 2018). Vitamin D promotes the maturation of 
osteoblasts from MSC (Mesenchymal stem cells) and promotes osteogenic differentiation (Posa et al, 
2018; Posa et al, 2016; Liu et al, 1999). During pregnancy, vitamin D is an important component for 
the development of fetal organs (Javaid, 2006; Hart, 2015; Hewison & Adams, 2010). Vitamin D 
deficiency in early pregnancy will affect birth weight and organ completeness in the neonatal body 
(Eggemoen et al, 2017). During menopause, vitamin D maintains muscle function (Hensen et al, 2016; 
Bouillon, 2017). Many children and adults who are obese, when checked for low levels of vitamin D 
in their blood (Kamei et al, 1993). Adipose tissue is formed from the maturation of pre-adipocyte 
cells, these cells are found in more than normal numbers in obese individuals (Chawla et al, 2011; 
Moreno-Navarrete & Fernandez-Real, 2012). 

Vitamin D deficiency causes impaired bone mineralization due to inefficient absorption of 
calcium and phosphorus and is associated with increased levels of parathyroid hormone 
(Lerchbaum, 2019). Vitamin D is very important for bones, preventing bone rickets, especially in the 
postnatal period after weaning. Rickets is a bone growth disorder caused by a lack of vitamin D which 
causes soft and brittle bones, so they break easily. Vitamin D metabolites have many effects on the 
systemic calcium homeostatic mechanisms impacting bone. Vitamin D deficiency causes 
hypocalcemia and hypophosphatemia which can trigger rickets (Bikle, 2012). Lack of vitamin D for a 
long time causes bone demineralization. That initially causes a decrease in calcium absorption and 
finally the release of calcium from the bones to maintain calcium concentration. Continuous bone 
remodeling and resorption weakens bone structure and increases the risk of fracture through 
secondary hyperparathyroidism which ultimately leads to the development of osteomalacia and 
osteoporosis (Lips, 2001; WHO, 1994; Binkley et al, 2002). Vitamin D metabolites can also change 
bone response to growth hormone and gene expression and growth factor secretion which can have 
an effect on bones and modulate the work of vitamin D metabolites on bones (Bikle, 2010). 
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25 (OH) vitamin D Function 
Vitamin D has been recognized as one of the key hormones in the process of bone metabolism. 

Vitamin D is an important key in the maintenance of calcium companion bone (McCollum, 1957). 
Vitamin D was identified from the results of the isolation of 7-dehydrocholesterol from pork rinds 
and yeast, which were called D2 and D3, respectively (Holick, 2006). Vitamin D deficiency has been 
agreed as a circulating concentration of 25 (OH) vitamin D <20 ng / ml because it has an optimal 
circulating concentration of <32 ng / ml based on the optimization of the PTH concentration. With a 
specification of 21-29 ng / ml indicating relative deficiency and 30 ng / ml or more as adequacy 
indicated as optimal work (Lips, 2001) 

1,25 Dihydroxyl can increase bone mineralization by stimulating the supply of calcium and 
phosphate from digested food in the intestine. The efficiency is 30-40% for calcium and 80% for 
phosphorus. (Holick, 2006). From a study by Bischoff-Ferrari et al (2006) showed that levels of 25 
(OH) vitamin D were associated with bone mineral density of Mexican-American women with the 
result that levels of 40 ng / ml or more indicated maximum bone density. The level of 25-hydroxy 
vitamin D is estimated from the bone mineral density present in it. 
Until after weaning, mice with VDR removal targets, namely VDR - / - mice (which exhibit vitamin D 
resistance), and with 1α (OH)ase removal targets, namely, 1α (OH) ase - / - mice (which are vitamin 
D deficient real), normal length and morphology and mineral content of growth plates and normal 
long bones. However, after weaning, long bone growth and rickets features such as expansion of the 
epiphyseal growth plate are observed, due to dilation and disorganization of the hypertrophic zone 
with apoptotic disorders of hypertrophic chondrocytes. Low serum phosphate levels due to 
resistance or vitamin D deficiency appear to decrease apoptosis of hypertrophic chondrocytes via 
the caspase-9-mediated mitochondrial pathway (Donohue and Demay 2002; Sabbagh et al. 2005). 

Vitamin D Receptor (VDR) 
From the experiments conducted by Donuhue and Demay (2002), mice whose VDR metabolic 

pathway was removed showed growth characteristics of rachitis such as expansion of the epiphytic 
growth plate due to disruption in the apoptosition of hypertrophic chondrocytes. 

Decreased activity of the 1,25 (OH) 2 D / VDR system may have an effect on changes in the 
cartilage growth plate model that was initially caused by reduced removal of hypertrophic 
chondrocytes (Lin et al., 2002). 

Hormonal regulation of serum calcium (Ca) and phosphorus (P). Low serum calcium (↓ Ca), 
conversion by the kidneys can convert 25 (OH) D to 1,25 (OH) 2D, and can stimulate the release of 
PTH from the parathyroid glands. The increase in PTH (↑ PTH) can then stimulate the conversion of 
25OHD to 1.25 (OH) 2 D so that urine phosphorus increases (↑ Pu), and then serum phosphate 
decreases (↓ P). PTH and 1,25 (OH) 2D can also produce bone resorption to increase serum calcium 
(↑ Ca). The increase in 1,25 (OH) 2D can increase the release of FGF23 from bone (Goltzman, 2018). 
This regulation demonstrates the importance of vitamin D for bone growth. 

Reduction of (↓) 1,25 (OH) 2 D may result in reduced extracellular fluid phosphorus which may 
decrease apoptosis of hypertrophic chondrocytes through decreased caspase-mediated 
mitochondrial pathway activity. This activity can reduce the availability of calcium and reduce 
cartilage calcification. This decrease also results in a decrease in VEGF and a decrease in vascular 
invasion as well as a decrease in RANKL which results in a reduced number and activity of 
chondroclasts / osteoclasts (Figure 2).. This mechanism causes rachitic or 1,25 (OH) 2 D resistance 
(Goltzman, 2018). 
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Figure 2. Regulation Metabolic Pathway of Vitamin D (Modified from Goldzman, 2018) 
 
VDR has a role in the continuous replacement or remodelling of bone throughout life, with 

osteoblast bone formation building bone (anabolic effect) and osteoclastic bone resorption 
eliminating bone (catabolic effect). These actions are generally paired, although not always balanced. 
Cells from the osteo-blast lineage originate from mesenchymal stem cells in the bone marrow and 
differentiate through osteoblasts to osteoblasts and osteocytes to maturity. Osteoclasts are derived 
from hematogenous precursors and result from the fusion of mononuclear cells from the monocyte 
/ macrophage lineage. (Goldzman, 2018). Studies of conditional removal of VDR from osteo-blast 
lineages suggest that early osteoblasts can mediate increased bone resorption induced by 1,25 (OH) 
2D (Yamamoto et al. 2013) 

CONCLUSION 

Vitamin D which is absorbed from food or comes from the skin turns into an active form in the 
form of 1,25- (OH) 2-D3 which will enter the bloodstream, playing an important role in bone and 
extra-skeletal health. Vitamin D helps absorption of calcium in the intestines, thereby accelerating 
bone mineralization. Vitamin D promotes the maturation of osteoblasts from MSC (Mesenchymal 
stem cells) and promotes osteogenic differentiation. In the other cases, elevated vitamin D levels can 
inhibit parathyroid hormone (PTH) activity either by directly affecting parathyroid cells or by 
enhancing calcium absorption in the intestines. This action may decrease PTH-induced bone 
formation. With a metabolic-appropriate level of vitamin D, this vitamin will work optimally in bone 
formation and increase bone density in adults.  

In further research, the maximum concentration of vitamin D can be investigated. The research 
needs to be conducted to determine the correct dose that can be accepted by the human body. It is 
very important to determine the optimal Vitamin D dosage that the body should receive according to 
age and health conditions. 
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