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Clinical Applications of Vitamin D 

Key Points at a Glance   

Vitamin D 

• can either be made in the skin from a cholesterol-like 
precursor (7-dehydrocholesterol) by exposure to sunlight or 
can be provided pre-formed in the diet 

• synthesis in the skin is through a robust phytolytic process 
acting on a derivative of cholesterol  
(7-dehydrocholesterol) to produce pre-vitamin D, which is 
then slowly isomerised to vitamin D3 

• traditionally thought of as a micronutrient but can also be 
considered a prohormone as its synthesis and activity occur 
in different locations 

• key physiological function: the effect on calcium metabolism 
• required to maintain normal levels of calcium and phosphate 

in the blood, which in turn is needed for normal 
mineralisation of bone, muscle contraction, nerve 
conduction, and general cellular function in all body cells 

• active form (calcitriol or 1,25-dihydroxyvitamin D) regulates 
transcription of a number of vitamin D-dependent genes 
coded for calcium-transporting proteins and bone matrix 
proteins 

• actions are not confined to bone health:  
− receptor for vitamin D has been found in many cells and 

tissues throughout the body 
− plays an important role in several other physiologic 

systems including immune, nervous, neurological, 
respiratory, cardiovascular and gastrointestinal 

 
Clinical Results 

• clinical trials using vitamin D may provide applications for 
cholecalciferol 

• provides an antiproliferative effect 
• prevention and treatment of breast cancer – low serum 

vitamin D levels have been associated with breast cancer 
• negates the development of colorectal cancer (1000 IU/day) 
• reduces risk of prostate cancer – low serum vitamin D 

correlates with prostate cancer development 
 

 • helps prevent osteoporosis (by regulating the 
calcium:phosphorus ratio, by activating osteoblasts and by 
enhancing the function of osteocalcin) and is also effective in 
the treatment of osteoporosis 

• protective effect during gestation, including prevention of 
rickets and proper bone formation in children 

• homoeostasis of glucose metabolism and the development 
of type 1 and type 2 diabetes mellitus 

• optimal fertility and reproductive functioning 
• prevention and management of pre-eclampsia (900 IU/day) 
• immune regulatory effects prevent respiratory infection 

 
Indications 

• Osteomalacia in adults and rickets in children: retarded 
growth, skeletal abnormalities, softening of bones and teeth. 

• Muscle weakness and neuromuscular irritability. 
• Memory, nervousness and depression. 
• Metabolic syndrome. 
• Cancers, including breast, prostate, colorectal and acute 

leukaemia. 
• Autoimmune diseases: arthritis, psoriasis, asthma, allergic 

diseases, multiple sclerosis, hyperparathyroidism, diabetes. 
• Female and male fertility: increases FSH & LH production. 
• Pregnancy and optimal outcomes.  
• Cardiovascular disease: hypertension. 
• Low exposure to sun. 
• Crohn’s disease and inflammatory bowel disease. 
• Myopia. 
• Kidney disease and chronic renal failure. 
 
Safety 

• Vitamin D is well tolerated with the “No Observed Adverse 
Effect Level” (NOAEL) set at 4000 IU per day based on clinical 
trials. 

• Excess intake of vitamin D can result in hypervitaminosis D 
which can lead to hypercalcaemia. 

Vitamin D Nomenclature 
The term “vitamin D” covers a group of closely-related 
naturally occurring lipid-soluble compounds with similar 
biological functions. The two main forms of vitamin D in 
foods are cholecalciferol (vitamin D3) and ergocalciferol 
(vitamin D2). Vitamin D3 or cholecalciferol is synthesized 
in the skin by sunlight and is the most common vitamin D 
found in foods. Plants and some fish species produce and 
contain ergocalciferol, or vitamin D2, which is a steroid 
and is converted by ultraviolet B (UV-B) rays. Vitamin D2 is 

somewhat less effective and may not be equal in efficacy 
for maintaining optimal blood levels. 
 
Vitamin D Functions 

Vitamin D is required throughout life. Not only is it 
required for the formation of bone, but it plays a critical 
role in various other physiologic systems such as 
neurologic, cardiovascular, immune and reproductive 
functioning. Its application may well prevent various 
degenerative diseases and is important for reducing the 
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risk of multiple sclerosis, pregnancy complications, 
infertility, metabolic syndrome, breast, prostate and colon 
cancer. 
 
Key physiological functions of the active form of vitamin 
D3 or calcitriol [1,alpha,25-dihydroxyvitamin D, 
abbreviated to 1,alpha,25(OH)D] is bone mineralisation 
and calcium homoeostasis, as well as inhibition of 
parathyroid hormone synthesis and secretion.1 Serum 
calcium concentrations are maintained through modulation 
of calcium absorption from food in the small intestine.1 
This process aids the deposition of calcium from serum into 
skeletal bones as calcium hydroxyapatite facilitates bone 
mineralisation.1 

 

Nuclear Effects 

Vitamin D’s chemical structure is similar to cholesterol and 
functions to regulate specific gene expression following 
interaction with its intracellular vitamin D receptor (VDR). 
The VDR is a member of the steroid hormone superfamily 
of nuclear receptors. VDR receptors have been located in 
most nucleated cells in the human body.2,3 Tissues or cells 
that have demonstrated high reactivity to  
1 alpha,25(OH)2D include the pancreas, breast, epidermis, 
intestines, macrophages and pancreatic islet cells.4 
 
In the nucleus, calcitriol binds to the VDR in conjunction 
with a retinoid X receptor (RXR) partner, binding particular 
sections of DNA known as vitamin D response elements 
(VDRE), modulating gene expression.3 VDRs increase the 
expression of many genes, including calcium transporting 
adenosine triphosphatase (ATPase), osteocalcin, 
osteopontin, alkaline phosphatase, calbindin-9K and 
alkaline phosphatase.5 
 
Physiology of Vitamin D 

We must move away from the concept that vitamin D is 
strictly a vitamin. Vitamin D3 is a seco-steroid molecule, 
which in its active 1,alpha,25(OH)2D form, has hormone 
activities in humans. Vitamin D3 is biologically inert and 
must be metabolised to calcidiol [25-hydroxyvitamin D3 or 
25(OH)D] in the liver and then to calcitriol 
[1,alpha,25(OH)2D or 1,alpha,25-dihydroxyvitamin D3 or 
1,25-dihydroxycholecalciferol] in the kidney before 
function.2,6 

 
There are three steps in the synthesis of vitamin D3 that 
are regulated as follows: 
• Vitamin D3 or cholecalciferol can be manufactured in 

the skin by way of ultraviolet (UV-B) rays. The time 
needed to produce adequate vitamin D from the skin 
depends on the strength of the UV-B rays (such as 
place of residence or altitude), the length of time 
spent in the sun, age, and the amount of pigment in 
the skin.2,6 In the skin, UV-B light catalyses the 

conversion of 7-dehydrocholesterol to vitamin D3 
cholecalciferol.6 

• Vitamin D3 is then transported to the liver where 
hydroxylation occurs in the endoplasmic reticulum of 
liver hepatocytes, where the enzyme 25-hydroxylase 
forms calcidiol [25-hydroxyvitamin D3, 25(OH)D].3,7 

• Hydroxylation in the kidneys yields the biologically 
active form of vitamin D with endocrine activity, 
known as calcitriol [1,alpha,25-dihydroxyvitamin D3 
(1,alpha,25(OH)D)] by the enzyme 25(OH)D-1a-
hydroxylase.3,6 This hydroxylation process is tightly 
regulated and is stimulated by either parathyroid 
hormone (PTH) or hyposphataemia and serves as the 
major control point in the production of the active 
circulating hormone calcitriol (1,25-dihydroxyvitamin 
D3 or 25(OH)D]. Calcitriol is then transported to 
various target tissues, bound to vitamin D-binding 
protein (VDBP) in the plasma. 

 
Cancer 

An important function of vitamin D concerns growth and 
maturation of a broad range of various cell types, such as 
adipose tissue.8 For instance, 1,25-VD regulates the 
differentiation of keratinocytes and promotes apoptosis of 
cancer cells, slows metastasis in model systems, influences 
quiescence and modulates growth factors.5 Insufficient 
vitamin D status likely increases the risk of various cancers 
such as breast, prostate and other sites. 
 
VDRs are thought to moderate effects of 1,25-VD on a 
range of cells. Activation of mitogen-activated kinase, the 
rapid calcium uptake into osteoblasts as well as other cells 
via voltage-gated calcium channels, and muscle cell 
calcium release.5 The metabolites of vitamin D act on VDR 
to help negate mitochondrial respiration where this 
hormonal regulation is often faulty or defective in cancer 
cells.8 
 
Observational studies in humans support that vitamin D 
has a beneficial role in cancer prevention and survival.2 
The mechanism of action is likely related to its role in 
enhancing DNA repair processes and reducing DNA 
replication stress. Many genes encoding proteins that 
regulate cell proliferation, differentiation and apoptosis  
are modulated in part by vitamin D.9,4,10 Key findings are 
summarised below. 
 
Recent experiments were conducted at the New York 
Medical College on colon cells to see if activated vitamin D 
reduced DNA damage.10 The studies employed genes 
profiling where they exposed mitogenically stimulated 
human lymphocytes, pulmonary carcinoma and 
lymphoblastoid TK6 cells to 1,25-hydroxyvitamin D3 (1,25-
VD), which caused reduced DNA replication stress. The 
researchers also found that a rise in the level of 
lymphocytes was attenuated by 1,25-VD.10 It was 
concluded that activated vitamin D lessened the DNA 
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damage in colon cells.10 Findings from these studies reveal 
that DNA repair genes are among a multitude of genes 
whose transcription is induced by activated vitamin D or 
that vitamin D provides protection against oxidative DNA 
damage.10 
 
A systemic review of clinical trials found that women in 
the highest quintiles for circulating 25(0H)D levels, had a 
30 per cent reduction in the incidence of breast cancer, 
compared to women in the lowest quintile.11 
 
In a human prospective study, the blood of breast cancer 
patients was analysed for vitamin D levels with subjects 
followed up after 11.6 years. Results showed that 37.5 per 
cent of patients with breast cancer had deficient serum 
25(OH)D (less than 50 nmol/L). An additional 38.5 percent 
had insufficient serum levels 25(OH)D (50-72 nmol/L).12 
Women in the 25(OH)D deficient group had a 94 per cent 
increased risk of metastatic cancer recurrence and a 73 per 
cent increased risk of death compared with women with 
sufficient 25(OH)D serum levels.12 Results from this study 
and also the previous study suggest that calcitriol or 
25(OH)D plays an important role in the prevention and 
treatment of breast cancer. Calcitriol inhibits oestrogen 
synthesis and signalling and exerts anti-inflammatory 
effects. 
 
Convincing evidence has shown that vitamin D impedes 
the development of colorectal cancer.13,14 1000 IU daily of 
vitamin D3 or with serum levels of 25(OH)D greater than 
33 ng/mL had a 50 percent risk reduction for the 
development of colorectal cancers compared to reference 
values.13 In a nested case-controlled study, a 40 per cent 
reduction in the risk of colorectal cancer for those in the 
highest quintile for circulating 25(OH)D levels versus the 
lowest quintile was observed.14 These observations 
highlight how increasing vitamin D intake to 1000 IU is 
safe and likely sufficient to raise serum 25(OH)D levels 
versus the lowest quintile. 
 
A systemic meta-analysis of population-based studies was 
performed, investigating the relationship between serum 
vitamin D levels in association with the VDR polymorphism 
of the Bsml gene and an increase risk of colorectal 
cancer.15 A total of 23 relevant reports were studied in this 
meta-analysis. Five polymorphic variants of the VDR gene 
were evaluated for possible associations with colorectal 
cancer risk. Results showed that it was specifically the 
Bsml B genotype that was related to an overall decrease 
in the risk of colorectal cancer.15 
 
A comprehensive evaluation of serum D and its related 
genes showed a correlation with an increased risk of 
prostate cancer in men with low vitamin D status. Men 
with low serum 25(OH)D levels and single nucleotide 
polymorphisms (SNPs) of the three prime untranslated 
region (3’UTR) of the VDR structure were at greater risk of 
prostate cancer.16 This study supports the theory that 

vitamin D increases the risk of prostate cancer. The key 
vitamin D metabolite involved in the regulation of prostate 
cancer cell proliferation is 25(OH) vitamin D3, acting via 
the vitamin receptor. 
 
Vitamin D’s Role in Musculoskeletal Health 

Vitamin D is critical for calcium homoeostasis and through 
its action on calcium metabolism, is essential for bone 
physiology, encompassing bone growth and bone 
remodelling by osteoblasts and osteoclasts.6 
 
Following ingestion or cutaneous synthesis, vitamin D is 
metabolised to 25(OH)D and then to the active form 1 
alpha,25(OH)2D. Calcitriol promotes calcium (and 
phosphate) absorption in the gastrointestinal tract and 
reabsorption of filtered calcium in the renal tubules. 
Therefore, maintaining adequate serum calcium and 
phosphate concentrations to enable normal mineralisation 
of bone and to prevent hypocalcaemic tetany.6 
 
Insufficient vitamin D levels in the general population are 
common, which can lead to declining calcium absorption, 
leading to low serum levels of ionised calcium. If there are 
low serum calcium levels, the parathyroid hormone 
releases parathyroid hormone (PTH), prompting skeletal 
resorption and in turn can lead to reduced bone density 
(osteoporosis), rickets in childhood or osteomalacia in 
adults.6 
 
Calcitriol is also a necessary requirement for calcium 
uptake into skeletal muscle, where it has an important role 
in contraction; and for the uptake of phosphate. Muscle 
weakness often an impressive feature of deficiency.17 
 
Osteoporosis is the most common metabolic disease in 
the world. Low vitamin D is an established risk factor for 
osteoporosis, where inadequate serum vitamin D levels 
can lead to a decrease in the active transcellular 
absorption of calcium.2 The elderly are at particular risk of 
vitamin D deficiency due to reduced cutaneous synthesis 
and limited sun exposure.  
 
A preventive effect on the risk of hip fracture may be 
partly achieved by using vitamin D and calcium 
supplements in elderly people. Vitamin D insufficiency and 
deficit in calcium intake are very common in elderly 
people living either in institutions or at home, particularly 
in Europe where dairy products are not fortified with 
vitamin D. The cumulative response to this deficit in 
calcium intake and low vitamin D status is a negative 
calcium balance which stimulates parathyroid hormone 
secretion. 
 
This prevention is safe and can be recommended in people 
living in institutions. It could be also useful in other elderly 
subjects particularly at risk because of a low calcium 
intake, an absence of solar exposure and a previous 
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history of falls. It is now possible to partly stop bone loss in 
elderly people and it is never too late to help prevent hip 
fractures with calcium and vitamin D supplements. 
 
A systematic review found that up to 95 to 97 per cent of 
patients with osteoporotic fractures had a vitamin D 
deficiency state.18 This emphasises the cumulative 
response to this deficit in vitamin D and how low vitamin 
D status is a negative calcium balance which stimulates 
parathyroid hormone secretion, therefore contributing to 
the osteoporotic disease process. 
 
In a randomised controlled trial, 800 IU of vitamin D3 in 
combination with 1200 mg of calcium was administered 
for 3 months. Participants experienced an improvement in 
musculoskeletal function and a 49 percent reduction in 
falls by elderly women in care, compared to the control 
group receiving only calcium.19 This study highlights the 
safety in prevention and that vitamin D supplementation 
can be recommended in people living in institutions. It 
could be also useful in other elderly subjects particularly at 
risk because of a low calcium intake, an absence of solar 
exposure and a previous history of falls.  
 
There is strong evidence for the protective effect of 
vitamin D during gestation, including the prevention of 
rickets and also for proper bone formation in children. A 
well performed, longitudinal study involving women with 
low serum 25(OH)D in late pregnancy affected children’s 
bone mass. The children were evaluated at age 9 and 
were found to have reduced whole body and lumbar spine 
bone mineral content, bone mineral density and bone 
areas.20 Conversely, mothers who were given 
supplemental vitamin D during pregnancy, produced 
children that had significantly greater whole body and 
lumbar spine bone mineral content and bone areas. These 
findings suggest that insufficient vitamin D intake during 
gestation can result in biochemical disturbances, reduced 
bone mineralisation, slower growth, bone deformities, and 
increased risk of fracture – the hallmarks of rickets. 
 
Vitamin D’s Role in Blood Glucose Metabolism 

Recent studies suggest that vitamin D plays a role in the 
homoeostasis of glucose metabolism and the development 
of type 1 and type 2 diabetes mellitus.2,21 Numerous 
physiologic mechanisms have been postulated, including 
the effect of vitamin D on insulin secretion, the direct 
effect of calcium and vitamin D on insulin action, and the 
role of vitamin D in cytokine regulation.21-23 

Pancreatic cells contain VDR and play a pivotal role in 
insulin secretion. It is thought that 1,alpha,25(OH)2D 
stimulates the release of insulin.22 Calbindin-D28k (a 
vitamin dependent calcium binding protein), contributes to 
the release of insulin via the depolarisation of cell 
membranes and regulation of intracellular calcium levels.24 
Calbindin-D28k also protects against beta cell destruction 
mediated by inflammatory cytokines.25 

Epidemiologic data and multiple studies suggest a link 
between exposure to vitamin D early in life and the 
development of type 1 diabetes mellitus (DM1).21 
Although the majority are observational they show a 
relatively consistent association between low vitamin D 
status and metabolic syndrome. Key findings are 
summarised below. 

A matched case-control study found 90.6 per cent of 
children that developed type 1 diabetes mellitus (DM1) 
were low in vitamin D compared to healthy children.26 

There was an observed effect of vitamin D 
supplementation on glycaemic control in vitamin D-
replete, type 1 diabetes mellitus patients. 
 
A cross-sectional study involving almost 500 children aged 
six to 16 years found that 92 per cent of the obese 
children had insufficient vitamin D levels and 50 per cent 
were vitamin D deficient.27 Vitamin D insufficiency and 
deficiency rates were significantly higher in the obese 
children compared to the healthy weight controls (68 and 
22 per cent respectively).27 Low vitamin D status in the 
obese children also negatively associated with levels of 
insulin resistance and glucose metabolism, increasing their 
risk of developing type 2 diabetes mellitus (DM2).27 These 
findings suggest that low vitamin D status may predispose 
fat to accumulation and metabolic syndrome. The results 
also support the hypothesis that high vitamin D status 
provides protection against DM2. 
 
Type 2 diabetics have been shown to be at higher risk of 
insulin resistance and beta cell dysfunction.28 Type 2 
diabetics were given supplemental vitamin D to raise 
serum 25(OH)D from 10 to 30 ng/mL. A 60 per cent 
improvement in insulin sensitivity was observed and was 
greater than both troglitazone (54 per cent) and 
metformin (13 per cent).28 The authors of this study 
suggested a positive correlation of 25(OH)D concentration 
with insulin sensitivity and a negative effect of 
hypovitaminosis D on beta cell function.28 These results 
highlight how vitamin D replenishment improves 
glycaemic and insulin secretion in patients with DM2 with 
established hypovitaminosis D, thereby suggesting a role 
for vitamin D in the pathogenesis of DM2. 
 
In a prospective interventional study of type 2 diabetics, 
2000 IU of supplemental vitamin D3 was given daily over 
an 18 month period. Although 25(OH)D levels remained 
suboptimal, significant metabolic improvements were 
observed and particularly in females. There were marked 
decreases in LDL-cholesterol, total cholesterol and in 
pancreatic beta cell activity.29 The results of this 
prospective study suggest a potential beneficial role for 
vitamin D in the complex treatment of DM2. Furthermore, 
vitamin D status is strongly associated with adiposity 
where the mechanisms by which adiposity promotes 
vitamin D deficiency warrant further study. 
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Two nested case control studies were pooled for analysis, 
where the results supported the hypothesis that high 
vitamin D status provides protection against DM2.30 In both 
men and women, the risk of developing type 2 diabetes 
was reduced by 72 per cent and 28 per cent respectively, 
for those in the highest quintile for serum levels of 
25(OH)D.30,31 
 
Evidence from a recent meta-analysis of observed studies, 
indicates a consistent association between low vitamin D 
status and an increase risk of gestational diabetes 
mellitus.34 In women with gestational diabetes, it was 
noted that vitamin D status was associated with the 
severity of insulin resistance and glycosylated 
haemoglobin levels.32 
 
Reproductive Function 

The predominant role of vitamin D in pregnancy is as a  
key modulator of calcium metabolism. Because calcium 
demands increase in the third trimester of pregnancy, 
vitamin D status becomes crucial for maternal health, 
foetal skeletal growth, and optimal maternal and foetal 
outcomes. Adverse health outcomes such as pre-
eclampsia, low birthweight, neonatal hypocalcaemia, poor 
postnatal growth, bone fragility, and increased incidence 
of autoimmune diseases have been linked to low vitamin 
D levels during pregnancy and infancy.33 
 
There is currently insufficient high-quality evidence 
relating to the clinical effects of vitamin D 
supplementation during pregnancy. Although the 
implications of vitamin D deficiency in pregnancy has been 
observed in trials evaluating the benefits of vitamin D 
alone or in combination with other micronutrients in 
pregnant women. Key findings are discussed below. 
 
A study of pregnant women found that supplemental 
halibut liver oil (equivalent to 900 IU of vitamin D3), in 
combination with other vitamins from week 20 of 
gestation, reduced the risk of pre-eclampsia by 32 per 
cent.33 These results support the concept that adequate 
vitamin D status/intake may help in the prevention and 
management of pre-eclampsia. 
 
A cohort study involving over a thousand pregnant with 
low serum vitamin D levels observed a two-fold increased 
risk of caesarean for prolonged labour.34 Serum 25(OH)D 
of these pregnant women was assessed at four points 
during pregnancy. Maternal 25-hydroxyvitamin D was 
related positively to vitamin D and calcium intakes and 
negatively to circulating concentrations of parathyroid 
hormone.34 Results highlight the maternal role of vitamin 
D status in modulating the risk of pregnancy complications. 
 
A systematic review of vitamin D and fertility found that 
vitamin D is involved in the production of female sex 
hormones, oestradiol and progesterone.35 The researchers 

found that optimising vitamin D status increased 
pregnancy rates in women undergoing IVF and in those 
with polycystic ovarian syndrome (PCOS).37 Vitamin D 
supplementation also improved metabolic and hormonal 
aberrations that occur in PCOS.37 The researchers also 
concluded that in males vitamin D supplementation may 
be beneficial to increase testosterone levels and support 
healthy semen quality.35 This review shows how vitamin D 
is essential for optimal fertility and reproductive 
functioning. 
 
Autoimmune Conditions 

Numerous studies have shown that vitamin D affects the 
growth and differentiation of immune-modulator cells 
such as macrophages, dendritic cells, T cells and B cells.36-38 
Vitamin Ds immune modulatory effect has implications for 
various autoimmune diseases including asthma, systemic 
lupus erythematosus, type 1 and type 2 diabetes mellitus, 
inflammatory bowel disease, multiple sclerosis and 
arthritis.37 
 
A study of children who were supplemented with 2000 IU 
daily during the first year of life had an 80 per cent 
reduction in the risk of developing type 1 diabetes after a 
follow up period of 30 years.34 This study shows that 
supplementing infants with vitamin D might be a safe and 
effective strategy for reducing the risk of type 1 diabetes 
mellitus. 
 
A prospective cohort study found that low vitamin D 
dietary intake during pregnancy was associated with an 
increased risk for the development of asthma and allergic 
rhinitis.39 In this population based cohort study with a five 
year follow up that included almost a 1000 children with 
human leucocyte antigen conferred susceptibility to DM1, 
for whom maternal pregnancy food frequency 
questionnaire data and allergen specific immunoglobulin-e 
measurement at 5 years was available. The maternal 
intake of vitamin D (odd ratio: 0.56, 95 per cent; 
confidence interval: 0.35-0.91) was inversely associated 
with sensitisation to food allergens. This study suggest a 
link between vitamin D deficiency and the development of 
asthma and allergic diseases. 
 
A randomised controlled trail conducted with over 1000 
children, found that 35 per cent of those with mild to 
moderate asthma had low serum 25(OH)D levels and an 
increased prevalence of severe asthma exacerbations.40 
The present study revealed that low vitamin D levels are 
associated with a higher risk of asthma exacerbations. 
 
Numerous studies have demonstrated a significant risk 
reduction in those with higher serum 25(OH)D levels for 
the development of multiple sclerosis (MS).4,41 A double-
blinded randomised controlled trial involving patients with 
MS who were to receive either vitamin D supplementation 
or placebo, revealed that patients who were given 
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supplementation had increased serum transforming 
growth factor beta-one levels versus those who did not 
receive supplementation.41 Elevated transforming growth 
factor beta-one levels have been associated with the 
stable phase of MS, whereas reduced levels have been 
associated with relapsing–remitting multiple sclerosis 
(RRMS).41 This human study demonstrated that vitamin D 
(1000 IU per day) increased transforming growth factor 
beta-1 levels in MS patients, which is associated with 
suppression of the immune response that produces MS 
symptoms. 
 
A longitudinal study of serum 25-hydroxyvitamin D and 
intact parathyroid hormone levels indicate the importance 
of vitamin D and calcium homeostasis regulation in 
multiple sclerosis.42 Serum 25(OH)D levels during MS 
relapse were measured and found to be lower than during 
periods of remissions, with levels of 19 ng/mL and 
24 ng/mL respectively.42 These findings suggest that the 
endocrine circuitry regulating serum calcium may be 
altered in MS. There is also an inverse relationship 
between serum vitamin D levels and MS clinical activity.42 
 
A clinical trial involving MS patients looked at vitamin D’s 
immunomodulatory effects and how low serum vitamin D 
is associated with a higher incidence of multiple 
sclerosis.43 15 primary progressive MS patients, 40 
relapsing-remitting MS (RRMS) patients and 40 controls 
had their serum 25(OH)D concentrations evaluated in 
summer and winter. During the winter, serum 
concentrations were significantly lower in the RRMS 
patients compared to controls, conversely no differences 
were found in summer.43 Patients with RRMS who had low 
25(OH)D levels, had higher levels of positive T-cell 
proliferation to mixed myelin peptides.44 The results 
highlight vitamin D’s immune suppressive properties and 
its regulatory role in T-cell proliferation to myelin peptides 
in RRMS patients.43 
 
Respiratory Tract Infections 

Infection and malnutrition have always been intricately 
linked. Vitamin D is necessary for proper innate immune 
responses to pathogenic infections, playing an important 
role in pathogen recognition and activation of immune 
cells. Respiratory tract infections are more prevalent during 
the winter months and often correspond to low vitamin D 
levels in the general population.  
 
Observational studies have revealed that insufficient 
vitamin D levels correlate with increased prevalence of 
respiratory viral infections.44 Some experiments have 
shown that taking vitamin D supplements can help 
prevent respiratory infections, but results are varied. 
Collectively, the below studies support the hypothesis that 
optimal vitamin D status may contribute to key immune-
regulatory functions. 
 

A British study of almost 7000 adults found that with every 
10 nmol/L increase in 25(OH)D the risk of influenza 
infection reduced by seven per cent and improved lung 
function measurements.45 The lower levels of vitamin D 
found in this population had a strong inverse relationship 
with infection rates.45 
 
A Finnish study of 1400 men and women aged 53-73 
years found that those in the lowest 25(OH)D tertile 
increased their risk of developing pneumonia 2.6-fold 
compared with those in the highest vitamin D tertile.46 This 
three year prospective population-based study included an 
almost equal mix of males and females, aged 53-73 years. 
Data relating to incident pneumonia episodes leading to 
hospitalisation was collected and serum vitamin D status 
was assayed as 25(OH)D concentration.46 The collected 
data was suggestive of an inverse effect on serum 
25(OH)D concentrations on the risk of contracting 
pneumonia in the ageing general population.46 
 
Sources of Vitamin D 

A young person receives a full day’s supplies from 10-15 
minutes of face and arm exposure to summer sun (UBV 
290-315 nm), while an older person needs several times 
greater exposure.5 Dietary sources of vitamin D are limited 
and interestingly many vitamin D rich foods are high in 
cholesterol. Rich sources include oily fish such as sardines, 
salmon, mackerel, cod, and the livers of fish species. 
Moderate sources include meat, eggs, butter, milk, bread 
and cereals. In Australia there is mandatory fortification of 
table edible oil spreads (e.g., low fat spreads and 
margarine), as well as voluntary fortification of modified 
and skim milks, yoghurts, cheese and dairy based table 
confections. 
 
Vitamin D from cutaneous synthesis or dietary sources is 
likely to be intermittent. Optimising vitamin D levels with 
supplemental vitamin D is usually required as irregular 
intake of vitamin D, regardless of source, may lead to a 
vitamin D deficiency state. 
 

Safety 
Excess intake of vitamin D can lead to a state of vitamin D 
“intoxication” or “hypervitaminosis D”. The condition of 
hypervitaminosis D leads to hypercalcaemia.41 Symptoms 
include dehydration, polyuria, renal dysfunction, vomiting, 
fever, chills, constipation, weight loss, fatigue, 
disorientation, anorexia and weakness.41 
 
The recommended tolerable upper intake level (UL) for 
vitamin D is based on levels that may induce 
hypercalcaemia. 
• Infants (>12 months old) UL is 25 mcg / 1000 IU 

vitamin D3 per day.1 
• Children (1-18 years) UL is 80 mcg / 3200 IU vitamin 

D3 per day.1 
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• Adults UL is 80 mcg / 3200 IU vitamin D3 per day.1 
• Pregnant or lactating women UL is 80 mcg / 3200 IU 

vitamin D3 per day.1 
 
The “No Observed Adverse Effect Level” (NOAEL) is set at 
100 mcg/4000 IU per day based on clinical trials.1 Mid-day 
sun exposure that is unhindered can cause endogenous 
production of the vitamin D that is equivalent to 10,000 
IU.48  This consideration in combination with data from 
related safety trials has led expert recommendations to 
increase the daily UL or vitamin D intake to 10,000 IU.47,48 
 
Dosage Recommendations of Vitamin D3 

It has been hypothesized that for every 40 IU of 
supplemental vitamin D3, an estimated increase of 0.04 
nmol/L of 25(OH)D may occur.48 As with all lipid soluble 
vitamins, it is recommended that vitamin D3 containing 
supplements be taken with a meal that contains fat to 
optimise absorption and bioavailability. 
• General maintenance dose to maintain serum 

25(OH)D is generally considered to be 1000 IU.4,48 
• Treatment of deficiency state 2000 – 7000 IU daily.4 
• Chronic disease states including autoimmune 

diseases, diabetes, cardiovascular disease and cancer. 
Serum 25(OH)D 55-75 nmol/L.4 

 
Abbreviation Synonym 

D3 

D2 

Pro-vitamin D 

1 alpha,25(OH)2D 
 

25(OH)D or 1,25-VD 
 

VDBP 

VDR 

RXR 

VDRE 

PTH 

UV-B 

Calbindin-D28k 

 
DM1 

DM2 

MS 

cholecalciferol 

ergocalciferol 

7-dehydrocholesterol 
calcitriol or 1,alpha,25-dihydroxyvitamin  
D3 or 1,25-dihydroxycholecaliferol 

calcidiol or calcifediol or 1,25-
dihydroxyvitamin D3 

vitamin D-binding protein 

vitamin D receptors 

retinoid X receptor 

vitamin D response elements 

parathyroid hormone 

ultraviolet B light 290-315 nmol 

type of vitamin dependent calcium 
binding protein 

type 1 diabetes mellitus 

type 2 diabetes mellitus 

multiple sclerosis 

 

Actions 

Antiproliferative, immune regulating, anti-inflammatory, increases 
bone strength and supports mineralisation of bone and teeth; 
regulates calcium and phosphate metabolism. 

 
 
 

Indications 

• Osteomalacia in adults and rickets in children: retarded 
growth, skeletal abnormalities, softening of bones and teeth. 

• Bone fractures; muscle weakness, neuromuscular irritability. 

• Memory, nervousness and depression. 

• Metabolic syndrome. 

• Cancers, including breast, prostate, colorectal and acute 
leukaemia. 

• Autoimmune diseases: arthritis, psoriasis, asthma, allergic 
diseases, multiple sclerosis, hyperparathyroidism, diabetes. 

• Respiratory infections: influenza and pneumonia. 

• Female and male fertility: Increases FSH & LH production. 

• Pregnancy and optimal outcomes; hypertension. 

• Low exposure to sun. 

• Crohn’s disease and inflammatory bowel disease. 

• Myopia; kidney disease and chronic renal failure. 
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