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Introduction

These 2016 Guidelines [1] were written by a Committee of knowledgeable professionals, mostly experts on nutrition and bone, but now their recommendations may be seen by those in power as the last word on the subject.  In 2018 the Committee was disbanded and its recommendations are therefore seemingly set in stone. In changing circumstances of a pandemic this is dangerous. 

There is no question that the existing literature up to 2016 is reviewed well and referred to extensively in the Guidelines. But the document throughout treats it mainly is as a vitamin, for which there is a partial dietary source and so a dietary requirement. Furthermore it is described as a product whose principal function is to produce a hormone that acts to secure and preserve musculoskeletal health. This is without doubt historically how Vitamin D3 and its active metabolites were discovered, but as we will explain, this perspective has its dangers when we consider its roles in the many extra-endocrine tissues in which it also operates; of these, the one most relevant to this pandemic is obviously the immune system. All cell types appear to use the same final common pathway but the non-endocrine tissues with receptors, that make their active 1,25(OH)2D3 locally, also from circulating 25(OH)D3, do so below the ‘endocrine radar’. We submit that in the context of its role in immunity, it may be dangerous to assume that the needs are the same as they are for the more obvious general endocrine role. 

Back to first principles; evolution of Vitamin D3. [2]

Vitamin D3 was selected hundreds of millions of years ago to perform fundamental functions throughout the animal kingdom, related to intracellular calcium transport. It can only be formed by the action of UVB radiation from the sun on the precursor molecule 7-dehydrocholesterol; this cleaves the double bond in the sterol’s B-ring and forms Pre-D3, which isomerises spontaneously to cholecalciferol (Vitamin D3 itself). This travels on a plasma binding protein to the liver for 25-hydroxylation to the long-acting form, 25(OH)D3, which circulates in the blood, also mainly bound to a binding protein. The biologically active form is 1,25(OH)2D3, or calcitriol.

The blood calcium homeostatic endocrine system works as follows. The parathyroid glands secrete their hormone, PTH, in response to a fall in ionised calcium level. PTH travels to the renal tubules where it acts on cell-surface receptors to induce the enzyme 1-alpha hydroxylase, which converts 25(OH)D3 to 1,25(OH)2D3, which is secreted into the bloodstream, and acts on the cells of the small intestine, to promote calcium absorption.  This restores the ionised calcium to normal, switching off PTH, in a classical endocrine feedback loop. This function is indeed important  for maintenance of  ionised calcium in the blood, and for bone growth and lactation. But it has nothing directly to do with Vitamin D’s many other essential local roles, in which it acts via receptors in individual tissues. These include cells of the immune system, whose activation in the event of an infection such as by coronavirus is essential for the body to mount a healthy counter-attack against the hostile invader.

The discovery of Vitamin D3, and the healing of rickets

In the Industrial Revolution in Britain its paltry sunshine was blocked out by industrial pollution. The resulting D-deficiency led to softening of the bones of children, and the condition known as rickets. Vitamin D3 was discovered in the early 1900s through the healing power of sunshine on rickets and its adult form, osteomalacia. The system of units of Vitamin D3, used to this day, was set by the amount of extract needed to heal rickets in rats; this was later translated into mass or molar quantities of the pure substance cholecalciferol. This accounts for the dauntingly high numbers of noughts we find in Units of D3. 100,000 Units is in fact a mere 2.5 milligrams. 

In the 1960’s further details of the 25- and 1-alpha hydroxylation steps of D3 in liver and kidneys respectively were worked out, and later the mechanism of action of 1,25(OH)2D3 via the vitamin D-receptor (VDR) on target tissues such as gut and bone [Ref 2]. With binding to the VDR, 1,25(OH)2 D3 forms a heterodimer with the retinol (vitamin A) RXR receptor, and the two bind to VDR binding sites on DNA, leading to a cascade that promotes calcium transport across the cell [3].
Production and action of Vitamin D3 in extra-endocrine tissues

The central elements of the D3-dependent system found for example in macrophages and T-lymphocytes are the same as above, but with the important difference that 1,25(OH)2D3  is made locally by local 1-alpha hydroxylase, while still acting on 25(OH)D3 drawn from the same general pool. In Britain between October and March the sun’s UVB rays are entirely filtered out by the atmosphere; so even with skin exposure, in the absence of dietary supplements we all depend on reserves built up over the summer, by exposure during the middle of the day [4]. That is the only time when UVB light can penetrate the atmosphere down to ground level. To arrive at the end of winter with adequate levels of circulating 25(OH)D3 requires enough solar exposure in the summer to raise 25(OH)D3 to a peak in September of around 100 ng/ml (250 nmol/l). This is unlikely to be achieved in the UK, even in light-skinned sunbathers. It follows that everyone requires Vitamin D3 supplementation, at least during winter.

Are 25(OH)D3 requirements of the endocrine & extra-endocrine systems the same? 

 Whatever the time of year it is of paramount importance for normal locomotion, needed for the fight or flight reaction against immediate danger, to have a stable circulating ionised calcium level. PTH levels vary cyclically with the seasons, with highest levels in late winter, when 25(OH)D3 levels are at their lowest. The ionised calcium is under active PTH control. So the endocrine system will always soak up meagre levels of 25(OH)D3 preferentially, for production of (hormonal) 1,25(OH)2D3 by the kidneys.

The Law of Mass Action is the proposition that the rate of a chemical reaction is directly proportional to the product of the concentrations or activities of the two reactants; in this case these are local 1-alpha hydroxylase and 25(OH)D3. The immunocytes have no control over the latter. So if we consider the sudden arrival of a virus attack that needs activation of a D3-dependent immune response, it will be at its most efficient if there is a high level of available 25(OH)D3 [5]. This is in turn dependent on maintaining high central stores of 25(OH)D3, and so a low level of PTH activity. In times of deficiency at the end of winter, the endocrine system will always win, as it needs at all costs to preserve the ionised calcium level in the blood.

Associations between vitamin D deficiency and major diseases such as Covid-19 usually lack temporality. This means that the causation can be bi-directional. Is vitamin D deficiency a  cause, or the result of the disease, or perhaps both?. When the calcitriol-VDR/RXR heterodimer has acted within the cell to activate nuclear vitamin D responsive elements (VDRE), the VDR will be re-used. But not the simple molecule 1,25(OH)2D3, calcitriol, which is further 24-hydroxylated to the inactive 1,24,25(OH)3D3. A low 25(OH)D3 level late in a serious illness indicates inadequate reserves of 25(OH)D3, and the escalating immune response to infection almost certainly requires a constant supply of 25(OH)D3, otherwise the immune process will switch off before it has completed its task.

Implications of this for deciding on the optimal levels of Vitamin D3 intake

It therefore follows that we should set the desirable level of Vitamin D3 stores, and the level of D-supplements at much higher than the minimum needed to prevent rickets.  And there is ample evidence that it is extremely difficult to push Vitamin D3 intake too high [6].  We therefore need to target the most susceptible, and not just the mean or average population as is currently recommended. This is doubly important when we consider that our population is now more heterogeneous than ever. This is with regard to living conditions; the extent of summer solar exposure; variation in the natural efficiency of production of Vitamin D3 due to skin pigmentation; and to a wide range of behavioural factors Including extreme clothing and the use of sun block for fear of skin cancer.

Is there evidence that Vitamin D3 deficiency influences severity of COVID-19?

The answer is a resounding ‘yes’

First, there is a substantial agreement that seasonal vitamin D3-deficiency predisposes to upper and lower respiratory infections in general  [7,8].
Second, as the pandemic has spread, it has become increasingly apparent that those who are developing pneumonia and ARDS and dying are the most D-deficient. In Italy (where solar-avoidance is widespread) the pandemic started in the North, in the prosperous area of Bergamo. By late March reports in the popular press appeared stating that those dying of Covid-19 were severely D-deficient. In the USA there is a disproportionate number of African Americans, and this was attributed to social deprivation. In the UK, there is a disproportionate death rate among Asians in London and elsewhere [9]. This is also conveniently attributed to social deprivation, but also applies to doctors who are not socially-deprived. Of the first 24 doctors to die from coronavirus, no less than 23 were Black, Asian or Minority Ethnic (BAME) in ethnicity. And now not a day goes by without another report, from different parts of the World with strong evidence to link Vitamin D.deficiency to a high mortality rate from COVID-19.  

The conclusion can be made that in the D-replete, coronavirus gives a nasty, but relatively mild cold-like illness. But that D-deficiency, by removing the first line of antiviral defence, allows the virus to wreak havoc in the lower respiratory tract, leading to death [10]. 

How do the SAC Guidelines stand up to such scrutiny? 

We have both spent days reading and rereading these Committee Guidelines, and find it quite difficult to believe that anyone ever took them seriously, let alone that they still do so. It opens with a statement that in 2007 it started by considering Dietary Reference Values (DRV’s) set in 1991 by the Committee on Medical Aspects of Food and Nutritional Policy, which is symbolically acronymised to ‘COMA’. No recommended nutritional intakes  (RNI’s) were recommended for those aged between 4 and 64, because it was assumed that skin synthesis of vitamin D in the summer would be enough to cover requirements during the winter! So they just considered the very young, the pregnant ad lactating, and the very old, and concluded that in order to ensure adequate Vitamin D levels they should take 10 mcg daily (400 IU /d) of Vitamin D. Clearly there were some misgivings, so in 2010 the SACN agreed to reconsider DRV’s because of advice to stay out of the sun and use sunblocks. In 2016 after 6 years of deliberations this advice was extended to everyone, with some fiddling about when it came to considering children. So this recommendation  is based solely on perceived musculoskeletal needs. 

What, if anything, needs to be changed in the SAC guidelines?  

We have demonstrated that the musculoskeletal and immune-enhancing functions of vitamin D are entirely different, and it is through a typical economy of evolution that the two functions are under the control of the same compound (1,25(OH)2D3). These two functions require different considerations by those who are trying to understand them. The SACN report of 2016 does not give this adequate consideration. In fact, if the immune-enhancing functions of vitamin D are to receive the understanding and attention that they deserve, they should perhaps be considered under a Scientific Advisory Committee for Immune Defence (SACID). The need for this has become clear with the large illness burden and the high number of deaths resulting from the pandemic of COVID-19. Better preparation for the inevitable second wave of this epidemic, and for the next one from another new virus is obvious. 

Need for immediate action

Meanwhile we suggest that urgent approval be given by the RCPs and NICE to the availability of Vitamin D3 orally in doses of up to 100,000IU (2.5 mg) as a simple means of  immediate restoration of normal 25(OH)D3 levels to last at least 2 months. This should most urgently be applied to health care workers and others exposed to coronavirus patients; to other individuals at high risk of Vitamin D3 deficiency; to residents of nursing homes; and to individuals suffering from or recovering from coronavirus infection.
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