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DESCRIPTION
Vitamin D, a fat-soluble vitamin, plays a important role in 
maintaining overall health, particularly in calcium and phosphorus 
metabolism, immune function, and bone health. While the body 
can synthesize vitamin D through sunlight exposure, its activation 
involves several key processes, prominently featuring the kidneys. 
Understanding the synthesis and the kidneys' role in vitamin D 
metabolism is essential for comprehending its significance in 
human health.

Synthesis of vitamin D

The synthesis of vitamin D begins in the skin when Ultraviolet B 
(UVB) radiation from sunlight interacts with 7-dehydrocho- 
lesterol, a compound naturally present in the skin. This interaction 
leads to the conversion of 7-dehydrocholesterol into pre vitamin 
D3, which is then transformed into vitamin D3 (cholecalciferol) 
through a heat-dependent process. This process occurs primarily 
during the summer months when UVB radiation is more intense.

Once synthesized in the skin, vitamin D3 enters the bloodstream 
and is transported to the liver. Here, it undergoes its first 
hydroxylation, converting it to 25-hydroxyvitamin D (25(OH)D), 
also known as calcidiol. This form is the primary circulating form 
of vitamin D and serves as an important marker for assessing 
vitamin D status in individuals.

Role of the kidneys

The kidneys play a pivotal role in the final activation of vitamin 
D. The conversion of 25(OH)D to its biologically active form, 
1,25-dihydroxyvitamin D (1,25(OH)2D or calcitriol), occurs in 
the renal tubules, particularly in the proximal convoluted tubules. 
This process is catalysed by the enzyme 1-alpha-hydroxylase, 
which is tightly regulated by several factors:

Para Thyroid Hormone (PTH): When calcium levels in the 
blood are low, the parathyroid glands secrete PTH. This hormone 
stimulates the production of 1,25(OH)2D in the kidneys, 
promoting calcium reabsorption in the intestines and bones to 
help raise blood calcium levels.

Calcium and phosphate levels: The kidneys also sense the 
levels of calcium and phosphate in the blood. Low calcium levels 
stimulate the production of 1,25(OH)2D, while high phosphate 
levels can inhibit the enzyme 1-alpha-hydroxylase, thereby 
decreasing the production of calcitriol.

Fibroblast Growth Factor 23 (FGF23): This hormone, 
produced by osteocytes in response to elevated phosphate levels, 
plays a critical role in regulating phosphate metabolism. FGF23 
inhibits the synthesis of 1,25(OH)2D in the kidneys, thereby 
decreasing intestinal absorption of phosphate.

Importance of active vitamin D

The active form of vitamin D, 1,25(OH)2D, exerts its effects by 
binding to Vitamin D Receptors (VDR) located in various tissues 
throughout the body, including the intestines, bones, and kidneys. 
In the intestines, it enhances the absorption of calcium and 
phosphate, which are vital for bone mineralization. In the bones, it 
works in concert with PTH to mobilize calcium from the bones 
when needed. Furthermore, vitamin D has immunomodulatory 
effects, influencing the immune response and potentially 
reducing the risk of autoimmune diseases.

Clinical implications

Deficiencies in vitamin D can lead to significant health issues, 
including rickets in children, osteomalacia in adults, and 
contribute to osteoporosis. Given the kidneys' critical role in 
vitamin D activation, renal impairment can severely impact 
vitamin D metabolism. In patients with Chronic Kidney Disease 
(CKD), the ability to convert 25(OH)D to 1,25(OH)2D is 
diminished, leading to increased risk of bone disorders and 
mineral metabolism abnormalities. Consequently, managing 
vitamin D levels becomes essential for patients with kidney 
disease. Supplementation of vitamin D, particularly in its active 
form, is often necessary to maintain adequate calcium and 
phosphate levels, prevent bone disease, and support overall health.

Vitamin D synthesis is a complex process that begins in the skin 
and is intricately linked to kidney function. The kidneys' role in 
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converting inactive vitamin D to its active form is crucial for 
maintaining mineral balance and overall health. Understanding 
the synthesis and metabolism of vitamin D, especially in the 
context of kidney function, highlights the importance of this 
vitamin in disease prevention and management. Adequate 

vitamin D levels are essential for maintaining health, particularly 
in populations at risk of deficiency, such as those with kidney 
disease. Thus, awareness and monitoring of vitamin D status can 
play a vital role in promoting health and preventing 
complications associated with its deficiency.
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