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The first unique characteristic of vitamin D worth knowing is that it is more of a steroid hormone than a vitamin 
(due to its steroid like structure and the way it acts within cells i.e. requires a receptor). The second unique 
property that’s important to know is that it is primarily obtained by exposure to sunlight, whereas other 
vitamins are obtained through the diet. Why is this the case? Well, it is likely that the human body developed 
this system because sunlight was in abundance in Africa, which is where the human genome evolved. It was a 
smart way to ensure that all of the body’s vitamin D needs could be met on a daily basis by being in the sun! 
In a nutshell, when the skin is exposed to sunlight (especially ultraviolet B radiation), a steroid precursor is 
converted to pre-vitamin D3 following which (if the body needs it) this pre-vitamin D3 will be converted to 
vitamin D3 and enter the bloodstream. If the body has enough vitamin D as this reaction occurs, the pre-
vitamin D3 is simply converted to inert products (harmless waste). This is important because it shows us that the 
body can avoid toxic amounts of vitamin D by regulating the synthesis of vitamin D3. Very smart! At this point 
it’s worth mentioning the dietary sources of vitamin D and highlighting a key area that is far too often 
overlooked. Note that the vitamin D produced from sunlight exposure is D3 – we can find this in the diet too 
but in much smaller amounts than those produced by sunlight exposure. Examples are; wild salmon, eggs, milk 
and cheese. In addition, supplemental forms of vitamin D are almost always in the D3 form. However, another 
form, D2, can also be found in the diet and is not produced by the body when exposed to sunlight. There’s 
some debate as to whether this type is of any use but at present the consensus is that it’s not really useful for 
humans. So – D3 is what we need and that’s probably why we have a biological mechanism to make it!  
 
The story only really begins when vitamin D3 is in the bloodstream, as there are some additional steps that 
are required before vitamin D is ‘activated’ and ready to perform its job in ‘target cells’ (ones that can and 
do use vitamin D). First, D3 is delivered to the liver and converted into 25-hydroxyvitamin D (25[OH]D) and it 
is this metabolite that is usually measured to determine one’s vitamin D ‘status’ (we’ll come back to measuring 
and interpreting vitamin D status later). The 25[OH]D metabolite is simply vitamin D with an extra hydroxyl 
group added to carbon 25; however it’s important to know that at this point it is still inactive. Following this 

first step, 25[OH]D can be moved to 
the kidneys where yet another 
hydroxyl group is added but this time 
at the carbon 1 position (note: this step 
can also occur in other tissues such as 
muscle and immune system cells that 
express the enzyme responsible for 
the reaction; 1alpha hydroxylase). The 
result is the bioactive vitamin D 
metabolite 1alpha,25[OH]2D3 
(1,25[OH]D) and it is this metabolite 
that can exert biological actions. To 
sum this up so far, we’ve created a 
graphic (Figure 1). 
 
 
 
 
 
 

Figure 1. Basic overview of vitamin D metabolism. Vitamin D3 can be produced from sunlight exposure or by dietary intake. Subsequently, after 
two hydroxylation steps at the liver and kidneys (or target tissues for vitamin D), an active vitamin D metabolite (1,25[OH]D) is produced and can 
exert its effects. 
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1,25[OH]D. 
The thing that we’re really interested to know (and continued research aims to fully identify) is what this 
metabolite actually does. We do know quite a lot about 1,25[OH]D to date and indeed many of its roles are 
pertinent to the athlete. We’ll first describe how 1,25[OH]D exerts its effects in cells, following which we will 
provide an overview of the classical function of vitamin D in bone health and then finish with a wider view of 
the more recently identified roles that have relevance to athlete health and performance. 
 
Regardless of whether the 1,25[OH]D has been produced in the kidney or locally within the target tissue (for 
example in muscle) it must first interact with the vitamin D receptor (VDR) to do it’s job (this is characteristic of 
steroid hormones). The 1,25[OH]D bound to the VDR can then interact with another receptor, the retinoid X 
receptor or RXR and together this complex can either activate (switch on) or repress (switch off) genes. This 
means VDR:RXR has the capacity to control the production of a number of proteins within a cell that dictate 
how that cell behaves. In context, if we switch on certain genes in muscle we get muscle growth (hypertrophy) 
or conversely switching on separate sets of genes causes muscle loss (atrophy). So it’s clear that having the 
capability to modulate genes is extremely important - and vitamin D possesses this capability. That might be 
a bit of a mouthful, so to break up all the theory, a summary of how 1,25[OH]D acts within a cell is provided 
below. 

  
Figure 2. Molecular actions of vitamin D. Once 1,25[OH]2D3 reaches 
its target tissues (or is produced by the target tissue) it can 
interaction with the VDR and subsequently with RXR to form a 
transcriptional complex. This complex recruits co-activators or co-
repressors to vitamin D responses elements (VDRE) on regions of 
DNA and functions to activate or repress genes. The activation of 
genes results in the production of messenger RNA, which can be 
translated into new proteins under the correct conditions. 
 
 
One of the main functions that vitamin D has long 
been known to mediate is calcium homeostasis, and 
therefore at the tissue level, vitamin D can influence 
bone health (Holick, 2004). To contextualise the 
molecular action of vitamin D using the example of 
bone health; when adequate vitamin D (and 
calcium) is available, vitamin D can interact with the 

VDR and mediate gene expression in the intestine, bone and kidney to control the production of proteins that 
are involved in calcium transport. So, the active 1,25[OH]2D3 metabolite can control calcium levels on 
demand both directly and indirectly. When an individual is in a vitamin D deficient state, only ~15% of 
ingested calcium is absorbed by the intestine whereas ~30% can be absorbed and available for bone 
deposition in a vitamin D replete state (Holick, 2004). 
 
Aside from playing a key role in the maintenance of calcium and phosphate levels, vitamin D can influence 
many other biological processes. Perhaps the second most intensely researched role for vitamin D is in the 
immune system, which all started when vitamin D was shown to destroy tuberculosis in vitro (Chocano-bedoya 
et al., 2009). Now researchers have shown vitamin D potently regulates aspects of both innate and acquired 
immunity and is indeed important for maintaining a healthy immune system (Chun et al., 2014).   
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Figure 4. Total serum 25[OH]D of professional athletes and control 
participants during the winter months in the UK. Figure redrawn from Close et 
al., 2012. J Sport Sci 
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