
ABSTRACT
Vitamin D3 is produced in the skin on exposure to ultraviolet B radiation, and is metabolised in the 
liver and kidneys to the biologically active form of vitamin D that binds to vitamin D receptors. Vitamin 
D was first recognised for its importance in calcium metabolism and therefore bone health, with the 
classic deficiency disease being rickets in children and osteomalacia in adults, but is now also known 
for its importance in modulating immunity.

Epidemiological studies have linked vitamin D deficiency to many conditions, including heart disease, 
cancer, allergies and autoimmunity. Vitamin D supplementation trials have confirmed benefits 
for some conditions, including atopic dermatitis, chronic urticaria, colorectal cancer, depression, 
polycystic ovary syndrome and type 2 diabetes mellitus, but not others, such as multiple sclerosis, 
prevention of allergic sensitisation in infants and psoriasis. Whilst there is some evidence of benefits 
for cardiovascular risk factors, this does not translate to a reduction in cardiovascular events in 
clinical trials.

Vitamin D is generally considered safe, and the upper limit set by the National Institute of Health 
is 4000 IU per day. The main safety concern with vitamin D is hypercalcaemia, based on its role in 
calcium metabolism, and caution is therefore advised in conditions and with medications that can 
also affect calcium metabolism.
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INTRODUCTION
Vitamin D3, or cholecalciferol, is the natural 
form of vitamin D that is produced in the skin on 
exposure to ultraviolet B radiation and is also 
found in some foods, in particular oily fish.1 Other 
food sources include eggs and milk products, 
but levels in these foods are low. Vitamin D2, 
or ergocalciferol, is of plant or fungal origin.2 
Although we can get vitamin D through our 
diet, it is strictly speaking not a vitamin but a 
steroid hormone.3 Vitamin D3 is metabolised in 
the liver to 25-hydroxyvitamin D3, also called 
calcifediol or calcidiol, which is converted further 
in the kidneys to 1α,25-dihydroxyvitamin D3, the 
biologically active form of vitamin D that binds to 
vitamin D receptors (VDRs).4

Vitamin D was first recognised for its role 
in calcium and phosphorous metabolism, 
and thus playing an important role in bone 
mineralisation, with the classic vitamin D 
deficiency (VDD) diseases being rickets in 
children and osteomalacia in adults. Over 
the past decades, however, it has become 
clear that VDRs are expressed in almost all 
cells,2 and that vitamin D has many important 
physiological roles, in particular in terms of 
modulating the immune system.5

Michael Holick, a well-known expert on vitamin 
D, defines VDD as a vitamin D level of below 20 
ng/ml (50 nmol/l),a insufficiency as 20−29.9 ng/
ml (50−74.9 nmol/l) and sufficiency as 30 ng/ml 
(75 nmol/l) or more, with levels of 150 ng/ml or 
higher potentially toxic (Table 1).1 These cut-off 
values are commonly used in vitamin D research 
and, unless otherwise noted, have been used 
in the research quoted in this paper. Some 
authorities, however, set lower cut-off points, for 
example the National Institute of Health (NIH) in 
the USA considers levels of 20 ng/ml and higher 
as adequate for healthy people, and a level of 
over 50 ng/ml as potentially harmful,6 whilst the 
National Institute for Health and Care Excellence 
(NICE) in the UK defines VDD as a level of less 
than 10 ng/ml.7

Table 1: Serum 25(OH)D reference ranges  
and lab equivalents210

Range SI Units Conventional

Deficiency < 50 nmol/l < 20 ng/ml

Insufficiency 52−72 nmol/l 21−29 ng/ml

Sufficient > 75−150 nmol/l > 30−60 ng/ml

Toxicity > 374 nmol/l > 150 ng/ml

Recommended ranges vary. In the UK, NICE 
recommends > 25 ng/ml, while others including 
The Endocrine Society, National Osteoporosis 
Foundation, International Osteoporosis 
Foundation, American Association for Clinical 
Endocrinologists, and the American Geriatric 
Society recommend > 30 ng/ml. 

Epidemiological studies have linked VDD to 
many conditions, including heart disease, cancer, 
allergies and autoimmunity,5 but evidence from 
vitamin D supplementation trials is contradictory 
and does not confirm a protective effect for 
various conditions.8 Whilst epidemiological 
studies have established associations between 
vitamin D levels and disease, they cannot 
prove cause and effect. Vitamin D levels may 
be a proxy for other factors, such as exposure 
to sunshine, which has also been shown to 
exert other biological effects, including nitric 
oxide, serotonin and melatonin production and 
regulating circadian rhythm.9,10 

Many intervention studies have therefore tried 
to establish whether vitamin D supplementation 
can help prevent or treat various conditions, 
which will be discussed in the section ‘Clinical 
Uses’. For many conditions, results have been 
contradictory. Such inconsistencies may be 
explained by a number of limitations with 
regards to study designs.

Limitations in clinical trials on vitamin D 
supplementation
Some, but not all, studies have established vitamin 
D levels at baseline and after supplementation. 
Without this information it is difficult to know 
whether or not supplementation was effective in 
raising vitamin D levels appropriately.
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Even where this was done, measuring vitamin D 
levels to establish deficiency or sufficiency has 
been shown to be fraught with problems.4 The 
activated forms of the vitamins have short half-
lives (4−6 hours) and concentrations in blood are 
very low, making them difficult to measure. 25(OH)
D2/3 have much longer half-lives (25 days) and are 
therefore usually measured, although there is great 
variability in results, which is to some extent based 
on different methodologies being used and also 
due to the fact that vitamin D is bound to carrier 
proteins in blood.4  

Vitamin D dosing regimens have also varied 
widely from daily dosages of 200 IU to bolus 
doses of up to 500 000 IU every 3 months or just 
once. Most studies have used oral vitamin D3, but 
some have used vitamin D2, active metabolites 
or analogues, either orally or in injectable forms. 
Unless discussed specifically under the respective 
condition, there was no clear trend as to whether 
certain dosing regimens were superior to others. 
Also, unless otherwise noted, throughout this 
paper the term ‘vitamin D’ refers to vitamin D3.

Finally, patient populations have varied and 
there are known differences amongst certain 
patient groups, for example, it has been shown 
that obese people tend to respond less well to 
supplementation.11 There are also significant 
inter-individual differences in response to vitamin 
D supplementation and vitamin D metabolism.5 
There is a growing body of evidence that certain 
genetic single-nucleotide polymorphisms (SNPs; 
spontaneous alterations of particular genes) are 
involved in vitamin D metabolism, leading to a 
much higher requirement for people with specific 
SNPs to see benefits.5 The discussion of this topic 
is outside the scope of this white paper.

The aim of this paper is to review the evidence 
from clinical intervention trials on the effectiveness 
of vitamin D in either preventing or reversing 
conditions commonly associated with vitamin D.

GENERAL EFFECTS AND 
MECHANISMS OF ACTION OF 
VITAMIN D
Vitamin D exerts its effects mostly on the 
genetic level in that it binds to a VDR, which is a 
transcription factor. That is, on activation through 
vitamin D, it binds to specific sites in the DNA, 

regulating the expression of hundreds of genes in 
a tissue/cell-specific fashion.2

Calcium metabolism
Together with parathyroid hormone (PTH), 
vitamin D is essential for the maintenance of 
serum calcium concentrations that have to 
be within a narrow range for normal cellular 
function, in particular of the nervous system. 
When serum calcium levels fall, vitamin D 
triggers the expression of genes that increase 
absorption of calcium in the intestine and 
reabsorption through the kidneys as well as 
releasing calcium from the bones when dietary 
intake is low.12 In a similar way, vitamin D 
and PTH are also involved in phosphorous 
metabolism.13 As such, vitamin D plays an 
important role in bone mineralisation and with 
that in bone health.

Immune modulation
Vitamin D receptors are expressed on almost all 
immune cells, and vitamin D is essential for the 
proper functioning of both the innate and the 
adaptive immune systems. Whilst it promotes 
innate immunity, the first line of defence against 
pathogens that is non-specific, it appears to 
have a more inhibitory or regulatory effect 
on the adaptive, acquired immune system, 
mostly through regulating gene expression.2 
Some evidence also suggests that vitamin D 
may modulate immunity directly, i.e. without 
regulating gene expression, through stabilising 
endothelial membranes.5

Vitamin D appears to have an immune-
regulatory effect by moving the immune 
system from a pro-inflammatory to an anti-
inflammatory milieu.14 It shows benefit in 
infectious conditions as well as in conditions 
with excessive inflammation, such as allergies 
and autoimmunity.

CLINICAL USES
Allergy/atopy
Due to its known immune modulatory properties 
and epidemiological research showing that 
vitamin D levels are lower in patients with allergic 
conditions, vitamin D supplementation trials have 
looked into its effects on both prevention and 
treatment of allergic and atopic conditions.
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Prevention of allergic sensitisation in 
infants
Two trials investigating vitamin D 
supplementation of infants in the first year of life 
found no protective effect on the development of 
allergies, with either 400 IU or 1200 IU vitamin 
D per day.15,16 In fact, infants in the high-dose 
supplementation group had a higher risk of milk 
allergy compared with the low-dose group, and 
high vitamin D levels in cord blood at birth was 
associated with an increased risk of allergic 
sensitisation at 12 months.16

A review from 2018 also found no evidence for 
beneficial effects of vitamin D supplementation for 
either the pregnant or breastfeeding mother or the 
infant, although the number and quality of studies 
reported here were considered to be low.17

Allergic rhinitis

There appears to be an inverse relationship 
between vitamin D levels and allergic rhinitis, 
although study results are inconsistent.18,19

One vitamin D supplementation randomised-
controlled trial (RCT) found benefits in terms of 
a significantly reduced allergic rhinitis symptom 
score in adults with VDD at baseline with a dose 
of 50 000 IU per week for 8 weeks alongside the 
antihistamine cetirizine.20 Another RCT found 
benefits of reduced symptoms and medication 
use in children aged 5−12 years with allergic 
rhinitis with 1000 IU per day for 5 months.21 
Interestingly, in this study none of the children 
was VDD at baseline, and vitamin D levels at 
the end of study were similar in both the vitamin 
D and placebo groups. However, there was a 
much greater increase in vitamin D level from a 
lower baseline in the vitamin D group.

Whilst evidence is limited, vitamin D alongside 
standard treatment appears to have additional 
benefits for adult and paediatric patients 
with allergic rhinitis. The best levels of 
supplementation may depend on whether or not 
patients are VDD at the outset. 

Asthma
Asthma is a chronic inflammatory condition 
of the airways characterised by symptoms of 
attacks of shortness of breath, chest tightness, 

wheezing and coughing.22 There is evidence for 
a link between asthma and vitamin D from both 
epidemiological and animal research, which is 
thought to be mediated through its effect on 
innate and adaptive immunity.23

A Cochrane review in 2016 pooled data from nine 
double-blind RCTs, seven of those in children and 
two in adults, and found significant reductions 
in exacerbations requiring either systemic 
corticosteroids, visits to the emergency 
department or hospitalisation.24 No effects were 
seen on forced expiratory volume in 1 second 
(FEV1; a measure of respiratory function) or 
Asthma Control Test scores. The evidence 
was judged to be of high quality. Several more 
meta-analyses, using largely the same set of 
trials, have come to the same conclusions.23,25,26 

Effects appear to be limited to patients 
with low levels of vitamin D (< 25 nmol/l) at 
baseline.25,26 Dosing regimens, on the other 
hand, did not appear to affect results, although 
they have varied widely, from 600 IU daily 
to 60 000 IU monthly, or combinations of a 
large bolus dose followed by low-dose daily 
supplementation.23,25,26 

Since these meta-analyses were done, 
a number of additional RCTs have been 
published with inconsistent results. Two 
studies in children failed to show significant 
improvements in number of exacerbations, 
although numbers of children with 
exacerbations were small in both studies, 
which may have affected statistical power,27,28 
whilst another trial in children was terminated 
early due to futility.29 One study in children 
compared a bolus vitamin D2 injection followed 
by low-dose (400 IU vitamin D3 per day) oral 
supplement with oral supplementation of 400 
IU vitamin D3 per day alone, and found that 
the bolus improved outcomes at 3 months 
more in severely deficient children, but there 
were no long-term differences in outcomes.30 
Another study, looking at dosing regimens 
in asthmatic children, found that oral bolus 
supplementation with 100 000 IU once in fall 
and once in winter only achieved sufficiency in 
just over 50% of children with insufficient levels 
at baseline (none of the children was classed as 
deficient).31 Asthma-related outcomes were no 
different to the placebo group in this study.
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On the other hand, two RCTs have found 
benefits in adults with asthma and vitamin D 
insufficiency/deficiency with regards to Asthma 
Control Test, quality of life, number of attacks 
and oral steroid use,32 and respiratory function 
and inflammatory markers,22 respectively. 
Patients received calcifediol 16 000 IU per week 
for 6 months and a single dose of vitamin D, 300 
000 IU intramuscularly, respectively.

Overall, whilst evidence is inconsistent, there 
appears to be a benefit at least for those 
patients, both adults and children, who have 
insufficient vitamin D levels. A variety of dosing 
regimens appears to be beneficial.

Eczema/atopic dermatitis (AD)
Eczema or AD is an inflammatory condition of the 
skin that can cause itching, and severity of disease 
is associated with quality of life. It is thought to 
be due to a dysfunction of both the innate and 
adaptive immune systems, and issues with the 
barrier function of the skin.33 Observational studies 
have shown that low serum levels of vitamin D are 
associated with AD.34

Three meta-analyses including three to four 
clinical trials all came to the conclusion that 
vitamin D supplementation can reduce the 
severity of AD.33,34,35 Dosages used across the 
studies varied from 1000 IU per day to 6000 IU 
per day for up to 3 months.

Since then, three RCTs in children have been 
published that were not included in the meta-
analyses. Two of them found significant 
improvements in severity scores of AD,36,37 
whilst one found no significant improvement over 
placebo.38 Children in the latter study, however, 
had a mean vitamin D level of 47.1 nmol/l at 
baseline, with no difference in baseline vitamin 
D levels between the vitamin D and the placebo 
groups. The former two studies on the other 
hand included only children who were vitamin D 
deficient or insufficient. An RCT including children 
and adults with AD found that patients who had 
vitamin D levels of > 20 ng/ml had lower severity 
scores than those with lower vitamin D levels, 
whilst there was no difference between those who 
had levels of 20−30 ng/ml versus those with levels 
above 30 ng/ml.39 These findings were regardless 
of whether or not that vitamin D level was 
achieved through supplementation, although all of 
the participants receiving vitamin D had levels  

> 30 ng/ml, whilst none of the participants on 
placebo did, but 41% of the latter had levels of 
20−30 ng/ml.

Overall, the evidence, mostly in children, 
suggests that vitamin D is of benefit to patients 
with AD, at least for those with VDD. Dosages 
ranged from 1000 to 6000 IU per day, and study 
duration was mostly 3 months.

Autoimmunity
The NIH in the USA estimates that up to 23.5 
million Americans have autoimmune diseases, 
making it one of the most prevalent group of 
diseases in the USA.40 Worldwide, incidence and 
prevalence of autoimmunity have increased by 
19.1% and 12.5% per year, respectively, over 
the past 30 years.41 Epidemiological research 
has associated vitamin D levels with many 
autoimmune conditions.42 However, only a few 
autoimmune disorders have a significant body of 
intervention trials to establish whether vitamin D 
supplementation confers a benefit.

Chronic urticaria (CU)
Chronic urticaria is characterised by continuous 
wheals, with or without angioedema (a swelling 
underneath the skin), lasting for more than 6 
weeks. Whilst its exact causes are unknown, it 
is thought to be an autoimmune condition.43 

Several studies, including both double-blind 
randomised, controlled and uncontrolled 
studies, have evaluated vitamin D 
supplementation in patients with CU and all 
of them found significant improvements in 
urticaria severity and/or quality of life, either 
against placebo or baseline (in uncontrolled 
studies).14,43,44,45,46 The severity of symptoms 
was reduced by 50% or more in some 
studies.44,45 Most studies included patients 
with VDD, but benefits have also been seen in 
patients without VDD.46

Two studies also found improvements in 
inflammatory markers,14,44 although this only 
reached statistical significance in one of them.14

Dosing regimens have varied widely in these 
studies, from 600 IU daily to 300 000 IU per 
month (equivalent to about 10 000 IU per day), 
and positive effects were observed with all 
regimens. Study durations ranged from 8 to 12 
weeks. Where low versus high doses of vitamin 
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D were compared, the higher dose achieved 
better results.43,46 

Based on current research, a dose of 4000 IU 
per day orally, either taken daily or at greater 
intervals, could be suggested for people with CU, 
in particular for patients with low levels of vitamin 
D, whilst monitoring vitamin D status regularly.

Inflammatory bowel disease (IBD) 
Inflammatory bowel disease is an auto-
inflammatory condition characterised by 
inflammation of the gastrointestinal tract (GIT), 
and encompasses mainly Crohn’s disease 
(CD; which can affect any part of the GIT) and 
ulcerative colitis (UC; which only affects the 
colon). VDD is common in patients with IBD, 
although it is unclear whether this is a cause or  
a consequence of the disease.47

Two recent reviews and meta-analyses, one 
reviewing 12 and one 18 RCTs, evaluated the 
benefits of vitamin D supplementation on vitamin 
D levels and clinical outcomes.47,48 Although 
not all studies could be included into the meta-
analyses, both reviews concluded that vitamin D 
supplementation led to significant improvements in 
disease severity and inflammatory markers,47 and 
in relapse rate,48 respectively, but in the latter study 
improvements in high-sensitivity C-reactive protein 
(hsCRP) failed to reach statistical significance 
and no improvements were seen in erythrocyte 
sedimentation rate (ESR; a non-specific measure 
of inflammation). 

An RCT in both UC and CD patients found that 
low-dose vitamin D supplementation (500 IU 
per day) for 6 months significantly reduced the 
incidence of respiratory tract infections (RTIs) 
but not influenza in those with vitamin D levels 
below 20 ng/ml.49 Interestingly, this study found 
a worsening of UC symptoms in those patients 
with vitamin D levels of over 20 ng/ml at 
baseline, whilst no change in disease severity 
was observed in any other subgroup.

Several more recent studies found significant 
improvements in UC disease activity and 
severity, quality of life, oxidative stress, markers 
of angiogenesis (the formation of blood vessels, 
which is involved in the disease process) and 
some, but not all, inflammatory markers with 
vitamin D supplementation.50,51,52,53,54 Effective 

dosages have ranged from 2000 IU per day to a 
single dose of 300 000 IU intramuscularly and a 
daily dose of 60 000 IU for 8 days, with duration 
of follow-up being mostly 3 months.

A double-blind, placebo-controlled trial found no 
benefits of vitamin D, 25 000 IU per week for 26 
weeks, on recurrence rate in patients with CD 
who had undergone a resection of part of their 
GIT.55 Mean vitamin D levels at baseline were in 
the insufficient range, 42 nmol/l and 43 nmol/l in 
the vitamin D and placebo groups, respectively, 
and almost doubled in the vitamin D group upon 
supplementation.

Overall, the evidence suggests a benefit of 
vitamin D supplementation in IBD, especially UC, 
with a range of dosage regimens showing good 
results. One should consider at least 2000 IU per 
day whilst monitoring vitamin D levels to ensure 
patients achieve adequate levels.

IBD in children
In children, IBD can lead to malnutrition and 
impaired bone formation.56

Several RCTs in children with IBD have found 
benefits of vitamin D supplementation in terms 
of disease severity, inflammatory markers and 
bone mineral density (BMD).57,58,59,60 A number 
of studies have evaluated the efficacy of ‘stoss’ 
therapy (single high dose) in this population, and 
have found this regimen to be safe and effective 
in raising vitamin D levels, and improved clinical 
outcomes were reported.58,61,62 One study 
compared 50 000 IU per week for 6 weeks 
with a single dose 300 000 IU vitamin D and 
found significantly higher levels of vitamin D at 
12 weeks with the weekly regimen, 40.4 ng/ml 
versus 29.8 ng/ml.61 Another study found vitamin 
D levels exceeded the safe level of 250 nmol/l 
in four out of 23 children who received stoss 
therapy (dose dependent on age) at 1 month, 
but no symptoms of vitamin D toxicity were 
observed in any of the children, including one of 
20 children whose calcium level was determined 
and who developed elevated calcium levels at 2 
weeks, which normalised again 10 days later.58 
Two studies found significant improvements 
with 2000 IU per day in children with or without 
VDD,57,59,60 despite the fact that in one of them 
less than 10% of children reached vitamin D 
levels of > 32 ng/ml.60
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Overall, vitamin D supplementation at a dose 
of at least 2000 IU per day in children with IBD 
appears to be warranted, especially in children 
who are VDD. Weekly dosing or greater dosing 
intervals also appear to be beneficial and safe.

Multiple sclerosis (MS)
Multiple sclerosis is an autoimmune disease 
affecting the central nervous system through 
a reaction against the myelin sheaths that 
protect nerve cells and are important for signal 
transmission along neurons. Symptoms include 
fatigue, visual disturbances (through affecting the 
optic nerve), paraesthesia (abnormal sensation of 
the skin), muscle spasms, weakness and stiffness, 
pain and mobility problems, and can lead to severe 
disability. Epidemiological studies have shown an 
inverse relationship between vitamin D status and 
disability in patients with MS, i.e. the higher the 
vitamin D status the lower the disability.63 

Three recent meta-analyses of six to 12 RCTs 
have evaluated the effectiveness of vitamin D 
supplementation in patients with MS, and have 
found no benefits on disability score, relapse 
rates or radiological signs.64,65,66 In fact, one 
meta-analysis found a worsening of relapse 
rate in the vitamin D compared with the control 
group.65 Dosages in most trials were 4000 IU 
per day or higher, up to 40 000 IU per day, for 
durations of 6 months or more.

A recent double-blind study not included 
in the above meta-analyses also found no 
improvements in clinical or radiographical 
measures with either high- or low-dose 
supplementation (20 400 IU every other day 
versus 400 IU every other day), despite the fact 
that vitamin D levels were raised to three times 
the level in the high-dose group (65 ng/ml versus 
22 ng/ml).67

The RCTs looking at biomarkers of inflammation 
or MS-specific markers on the whole have also 
not found any consistent benefits of vitamin D 
supplementation.68,69,70,71

At this point the evidence suggests that vitamin 
D supplementation, especially of high doses, is 
of no benefit in MS, a surprising finding in view 
of the epidemiological data and popularity of 
vitamin D supplementation within parts of the 
MS community.

Psoriasis
Psoriasis is an autoimmune condition of the 
skin characterised by excessive proliferation of 
cells in the epidermis, which leads to red, flaky 
patches of skin covered with silvery scales. 
Topical vitamin D or vitamin D analogues have 
been used in the treatment of psoriasis since 
the 1990s, and this is backed up by a significant 
body of clinical research.72 For oral vitamin D, 
on the other hand, there are only a handful of 
clinical trials.

A meta-analysis of four double-blind, placebo-
controlled trials found no benefit of oral vitamin 
D on psoriasis severity.73 Only one of the 
individual studies saw significant benefits over 
placebo. This trial used 60 000 IU every other 
week for 6 months,74 whilst two of the other 
studies used a monthly regimen of 100 000 IU 
and one a very low dose (40 IU per day).

Overall, the current evidence does not support 
the use of oral vitamin D for the management of 
psoriasis, although different dosing regimens, for 
example daily supplementation, have not been 
explored in clinical trials.

Rheumatoid arthritis (RA)
Rheumatoid arthritis is characterised by an 
autoimmune attack against the synovial cells, 
the cells lining the joints, causing painful, swollen 
and stiff joints, and can over time lead to joint 
damage. Epidemiological research has shown 
an inverse relationship between vitamin D levels 
and disease activity, and that vitamin D levels 
are lower in patients with RA than in healthy 
controls.75 High-dose vitamin D, up to 600 000 
IU per day, has been used to treat RA as early as 
the 1930s, although toxicities have often been 
observed.76 

A 2020 meta-analysis of six trials involving 438 
patients with RA found significant improvements 
in Disease Activity Score 28 (DAS28), tender 
joint count and ESR, whilst improvements 
in pain visual analogue scale (VAS), swollen 
joint count and CRP (an inflammatory marker) 
failed to reach statistical significance.77 Another 
meta-analysis of five RCTs found a reduction 
of recurrence (borderline significance), whilst 
improvements in DAS failed to reach statistical 
significance and no improvement was seen in 
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VAS.78 Most studies used weekly or monthly 
bolus dosages of 50 000−100 000 IU for 
durations of 12 or 24 weeks. 

Two open-label RCTs have been published since, 
one showing no difference in disease activity or 
BMD in patients with idiopathic juvenile arthritis 
receiving 2000 IU per day for 24 weeks,79 whilst 
the other found a significant improvement in 
pain relief with 60 000 IU per week alongside 
calcium, 1000 mg per day, over calcium on its 
own in treatment-naïve patients with RA.80

Although research results are inconsistent, 
overall vitamin D supplementation appears to be 
beneficial for the management of RA.

Systemic lupus erythematosus (SLE)
Systemic lupus erythematosus is a systemic 
autoimmune condition that is characterised 
by inflammation in several tissues and organs, 
especially joints, skin, kidneys and blood vessels, 
potentially causing significant damage in these 
organs. Epidemiological and animal research 
suggests that vitamin D plays an important role in 
SLE,81,82 and the use of vitamin D for the treatment 
of lupus was first reported in the 1940s.83 

A 2019 review and meta-analysis of five RCTs 
found no effects of vitamin D supplementation 
on disease activity (four trials) or anti-dsDNA 
(a marker of SLE, three trials), whilst two trials 
showed a decrease in fatigue.82

Two RCTs not included in the review found 
benefits of vitamin D either alone84 or with 
calcium85 on bone health, which is commonly 
negatively affected in patients with SLE. The 
former study also looked at disease activity 
and immune markers, but found no statistically 
significant changes. In both studies, all or most 
patients were vitamin D insufficient at baseline. 
Interestingly, two studies looked at the effect 
of different dosages on vitamin D levels in 
these patient populations and found that even 
with 50 000 IU per week only 75% of patients 
reached sufficiency levels, and less with 
lower dosages, suggesting that patients with 
SLE may require higher dosages, or different 
regimens, for full benefit.

Although evidence is limited, it would be 
advisable to recommend vitamin D 
supplementation to patients with SLE who  

are deficient, to ensure adequate levels for 
bone health. Vitamin D levels should be 
monitored to ensure supplements sufficiently 
raise vitamin D levels.

Autoimmune thyroid disease
There are two main forms of autoimmune 
thyroiditis (AIT): Hashimoto’s thyroiditis 
(HT) and Grave’s disease (GD). They are 
characterised by elevated levels of thyroid 
peroxidase antibodies (TPO-Ab) and/or 
thyroglobulin antibodies (Tg-Ab), which lead 
to dysfunction or destruction of the thyroid 
gland. Epidemiological research has shown that 
people with AIT have lower levels of vitamin D 
than healthy controls.86

A 2018 meta-analysis of six RCTs on the use of 
vitamin D in AIT, including HT and GD, found a 
significant lowering of thyroid antibodies, TPO-
Ab and Tg-Ab, after 6 but not after 3 months.86 
Dosages used in the included studies ranged 
from 1000 IU daily to 60 000 IU weekly, and 
durations were 1−6 months. Two of the studies 
used calcitriol, the activated form of vitamin D at 
0.25 µg per day. 

One more recent open-label RCT of 23 patients 
with HT found that vitamin D at 60 000 IU 
weekly for 8 weeks followed by the same dose 
monthly for another 4 months actually increased 
TPO-Ab, although it improved markers of thyroid 
function, with a decrease in thyroid-stimulating 
hormone (TSH) and an increase in free thyroxine 
(fT4).87 The authors of this study state that the 
cause for the increase of TPO-Ab in this study is 
unknown.

Overall, the evidence suggests that vitamin D 
supplementation is of benefit in patients with 
autoimmune thyroid disease, at least in those 
patients with insufficient vitamin D levels, with 
a dose of at least 2000 IU per day for 6 months 
having shown benefits.86

Bone health
As discussed in the section ‘Introduction’, 
vitamin D was first recognised for its 
importance in bone health, with the classic 
VDD diseases being rickets in children and 
osteomalacia in adults. A lot of research has 
therefore focussed on the role of vitamin D in 
bone health, in particular in the prevention and 
treatment of osteoporosis and fractures.
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Osteoporosis, BMD and risk of fractures 
Osteoporosis is characterised by low bone mass 
and structural deterioration of bone tissue, 
leading to bone fragility and an increased risk 
for fractures, commonly of the wrists, spine or 
hip, although any bone can be affected. The 
World Health Organization (WHO) defines 
osteoporosis as a BMD of 2.5 standard 
deviations below the mean peak mass (average 
of young healthy adults) as measured by a dual-
energy X-ray absorptiometry (DEXA) scan. DEXA 
scans, however, only measure BMD and do not 
assess the structural micro-architecture of the 
bone tissue, and therefore may not accurately 
reflect risk of fractures.88 There are well over 50 
RCTs looking into the role of vitamin D either 
alone or with calcium in osteoporosis.

In 2014, a Cochrane review of 53 RCTs 
involving 91 791 older adults concluded that 
there is high-quality evidence for the benefits of 
vitamin D and calcium, but not vitamin D on its 
own, for the prevention of non-vertebral or any 
type of fracture.89 

Several meta-analyses into the benefits of 
vitamin D with or without calcium have been 
published since with conflicting results. Whilst 
some find a benefit of supplementation with 
vitamin D plus calcium,90,91,92 others did not find 
any benefits of either vitamin D, calcium or a 
combination of the two.93,94,95

In most studies investigating a combination of 
vitamin D and calcium, dosages ranged from 
400 to 1000 IU and 500 to 1200 mg per day, 
respectively, whilst trials investigating vitamin D on 
its own commonly used intermittent high doses.90 

Some of the meta-analyses carried out 
subgroup analyses looking at high and low 
dosages of both vitamin D and calcium, but 
found no effects,93,95 whilst others concluded 
that the minimum effective doses are 1200 mg 
calcium and 800 IU vitamin D per day.91

A couple of meta-analyses specifically looked at 
BMD and found improvements with combinations 
of vitamin D and calcium,94,96 although this was 
judged to be clinically irrelevant in one of the 
papers.94 As with studies on fractures, dosages 
were mostly in the ranges of 500−1200 mg 
calcium and 400−1000 IU vitamin D per day.

Overall, although the evidence from clinical trials 
is contradictory, in view of the excellent safety 
profile of vitamin D and calcium, supplementing 
a combination of the two, at dosages of 
1000−1200 mg calcium and 400−1000 IU 
vitamin D per day, appears to be prudent for 
people at risk of fractures.

Cancer
A recent review of six meta-analyses concluded 
that “observational evidence indicates that low 
vitamin D status is associated with a higher risk 
of cancer outcomes, randomised trials show that 
vitamin D supplementation reduces total cancer 
mortality, but not cancer incidence”.97

Breast cancer
Epidemiological studies have shown that women 
with breast cancer are more likely to have low 
vitamin D levels at time of diagnosis compared 
with healthy controls.98

A 2020 meta-analysis of eight RCTs, involving 72 
275 women, found no effect of vitamin D, either 
alone or with calcium, on the incidence of breast 
cancer.99 None of the included RCTs individually 
found a statistically significant reduction either, 
with dosages varying widely from 400 IU per day 
to 200 000 IU monthly and follow-up periods of 
1−12 years.

A number of studies have also looked at a 
variety of biomarkers in women with breast 
cancer. Whilst improvements have been seen 
in some markers, including biomarkers for 
angiogenesis,100 total antioxidant capacity101 
and 27-hydroxycholesterol (27HC; which is 
involved in the development of oestrogen-
positive breast cancer),102 no significant 
changes were seen in others, including tumour 
proliferation or apoptosis biomarkers103 and 
inflammatory markers.101

At present the evidence does not support 
the use of vitamin D for prevention of breast 
cancer, which is surprising in view of the 
epidemiological data.98 And whilst there is 
evidence that vitamin D exerts positive effects 
on some breast cancer biomarkers, there is 
insufficient research to make recommendations 
for patients with breast cancer. 
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Colorectal cancer (CRC)

Colorectal cancer is the third most common 
cancer worldwide, and is significantly more 
common in developed countries.104 The role of 
vitamin D in the development of CRC has been 
controversial because of conflicting findings from 
supplementation and epidemiological studies.105 

A review and meta-analysis including 166 
studies and 854 195 participants evaluated the 
associations between vitamin D and CRC.104 
Both vitamin D level and vitamin D intake (from 
diet and supplements) were associated with a 
significantly decreased risk of getting CRC, and 
higher vitamin D levels significantly decreased 
CRC and overall mortality. The data suggested 
that each 200 IU per day increase in total 
vitamin D intake was associated with a 10% 
decrease in the risk of colorectal adenoma (a 
pre-cancerous condition) and a 5% decrease 
in the risk of CRC. Similarly, a meta-analysis 
just focussing on vitamin D intervention trials 
found that vitamin D significantly improved 
progression-free survival and reduced adverse 
CRC outcomes by 30%,105 with the best results 
seen in a study using 4000 IU per day for 23 
months.106 In the same publication, a reduction 
in CRC incidence failed to reach statistical 
significance. Another phase 3 clinical trial is 
currently underway to confirm these results.107

The evidence suggests that supplementation 
with vitamin D is beneficial both in the 
prevention of CRC and in improving outcomes 
in patients with CRC. Whilst dosages and 
regimens have varied between studies, 4000 IU 
per day has been shown to be beneficial.106

Prostate cancer
Prostate cancer is the second most common 
cancer in men. Vitamin D has been found to 
be involved in regulating hormone function in 
clinical and in vitro studies.108

A 2019 meta-analysis of six RCTs showed 
no effects of vitamin D on prostate-specific 
antigen (PSA; a marker of prostate cancer) or 
prostate cancer mortality.108 However, five of 
these studies did not use vitamin D3, but instead 
used vitamin D analogues or vitamin D2. The 
study that used vitamin D3 found a significant 
PSA response with 10 000 IU per day for 3−8 
weeks.109 The 2019 meta-analysis also reviewed 

16 uncontrolled trials that showed a modest 
benefit of vitamin D on PSA response rate, with 
19% of patients having a reduction of at least 
50%.108 Most of these studies used the activated 
calcitriol form of vitamin D.

Whilst research on vitamin D3 itself in prostate 
cancer is limited, there is some evidence that a 
high dose may be beneficial.

Skin cancer
Sun exposure is an important risk factor for 
skin cancers. Seeing that sun exposure is 
also our main natural source of vitamin D, it 
is not surprising that epidemiological studies 
have shown an increased risk of melanoma, 
keratinocyte and basal cell carcinoma, although 
not with squamous cell carcinoma, with higher 
vitamin D levels.110 Vitamin D intake through diet 
and/or supplements, on the other hand, is not 
associated with increased risks of skin cancers, 
except for basal cell carcinoma.110

Evidence for any effect of supplemental vitamin 
D from RCTs is currently lacking.

Chronic obstructive pulmonary disease 
(COPD)
Chronic obstructive pulmonary disease is a group 
of conditions, including emphysema and chronic 
bronchitis, which cause difficulties breathing. 
They tend to gradually get worse, can impair daily 
living and are amongst the top 10 causes of death 
globally.111

In 2020, a comprehensive review and meta-
analysis of 25 RCTs involving 2670 patients 
found that supplementation with vitamin 
D or vitamin D analogues led to significant 
improvements in COPD assessment test 
score, lung function, sputum and 6-minute 
walk distance, and a halving in numbers of 
exacerbations.111 Looking at the results of 
the individual trials suggests that vitamin D 
analogues and vitamin D alongside vitamin A 
were more effective than vitamin D on its own.  

Two much smaller meta-analyses found conflicting 
results. One involving eight studies and 687 
patients found no significant improvements in lung 
function, but showed significant heterogeneity.112 
The other one reviewed three trials with 469 
patients and found a halving of moderate to severe 
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exacerbations in patients with COPD with prior 
VDD, although no statistically significant overall 
improvement.113

Whilst the evidence is conflicting for vitamin D in 
patients with COPD, it seems prudent to ensure 
patients are not VDD, but there are insufficient 
data to suggest specific dosing regimens.

Cardiovascular disease (CVD) and risk factors
Cardiovascular disease is a general term 
for diseases affecting the heart and blood 
vessels, and is one of the main causes of 
death globally.114 CVD usually develops over 
many years, and risk factors include high blood 
pressure, abnormal blood lipids, smoking and 
poor diet.114 

A meta-regression analysis of 22 RCTs involving 
83 200 participants found no statistically 
significant reduction of non-fatal myocardial 
infarction, cardiac death, coronary heart disease 
events or stroke in vitamin D supplementation 
trials, with no heterogeneity and none of the 
individual trials showed significant effects.115  

By far the biggest intervention trial, the VITAL 
trial in the USA, randomised 25 871 participants, 
men 50 years of age or older and women 55 
years of age or older, to either vitamin D, 2000 
IU per day, or placebo with a median follow-
up of 5.3 years, and found no reduction in 
cardiovascular events.116

A very comprehensive meta-analysis of 81 
studies overall looked at different cardiovascular 
risk factors, and found significant benefits of 
vitamin D supplementation for systolic and 
diastolic blood pressure, hsCRP, total, low-
density lipoprotein (LDL) and high-density 
lipoprotein (HDL) cholesterol, and triglycerides.117 
Subgroup analysis showed better outcomes 
when vitamin D levels of ≥ 86 nmol/l were 
achieved, with doses ≥ 4000 IU per day, trial 
durations of less than 6 months, and in obese 
people, although the impact of these factors had 
varied effects on different risk factors. 

Blood pressure
A number of meta-analyses have looked at 
the effects of vitamin D on blood pressure with 
contradictory findings. Whilst one review found 
no benefits,118 others saw improvements in 
specific subgroups: in patients with hypertension 

and VDD at baseline,119,120,121 or together with 
calcium in younger adults.122 Most studies showed 
significant heterogeneity, and only one found 
dosage to be a significant factor, with dosages of 
5000 IU per day or more being more effective.

Overall, the evidence for effects of vitamin D on 
blood pressure is mixed, but supplementation 
may decrease blood pressure in patients with 
hypertension and VDD, although the available 
data do not suggest an effective dosing regimen.

Cardiometabolic risk factors
A 2019 meta-analysis of 41 RCTs involving 
3434 subjects looked at blood lipids and found 
significant improvements in total and LDL 
cholesterol and triglycerides, which were more 
pronounced in those with VDD at baseline.123

Another 2019 meta-analysis of eight trials 
and 305 subjects with CVD found significant 
improvements in HDL cholesterol, fasting 
glucose, insulin and Homeostatic Model 
Assessment of Insulin Resistance [HOMA-IR; a 
measure of insulin resistance (IR)], CRP, but not 
LDL, total cholesterol or triglycerides.124

Although results are mixed, vitamin 
D supplementation may help reduce 
cardiometabolic risk factors, especially in people 
with VDD.

Endothelial function
Three recent meta-analyses looked at the 
effect of vitamin D on endothelial function and 
found contradictory results. One meta-analysis 
of 26 RCTs involving 2808 subjects found 
no improvements in flow-mediated dilation, 
pulse wave velocity or central augmentation 
index (three markers of endothelial or arterial 
function).125 The authors carried out a subgroup 
analysis, but did not find any effects of dosing 
regimen or vitamin D status at baseline (overall, 
42% of subjects were VDD or insufficient). 
Looking at the individual studies though, it 
appears that those that used monthly bolus 
doses of 100 000 IU or more found significant 
improvements.

The two other meta-analyses,126,127 on the other 
hand, found significant improvements, although 
in one improvements were limited to diabetics.127 
Again, dosing was reported as not affecting the 
outcomes.127
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Overall, evidence for the use of vitamin D 
for reduction of cardiovascular risk factors is 
contradictory, but maintaining adequate serum 
levels of vitamin D may confer some benefit, 
although this does not seem to translate into  
a reduction in risk for cardiovascular events.

Depression
Three recent meta-analyses looked at the 
benefits of vitamin D in patients with depression. 
One of them reviewed 25 trials with a total of 
7534 participants and found a positive effect 
on negative emotions, with patients with a 
diagnosis of major depressive disorder and VDD 
benefiting most.128 Another meta-analysis also 
reported benefits for depression (based on nine 
RCTs) and sleep (two RCTs), with all individual 
studies included showing some benefit.129 In the 
third meta-analysis (10 RCTs involving 1393 
participants),130 improvements failed to reach 
statistical significance but there was significant 
heterogeneity within the results, which did not 
appear to be related to dosing regimen.

Since then more clinical trials have been 
published and have confirmed the benefits 
of vitamin D supplementation on depressive 
symptoms and/or anxiety.131,132,133 

Overall, the evidence suggests that vitamin D 
supplementation is of benefit for patients with 
depression, in particular those with VDD. Dosing 
regimens that have shown benefits varied from 
1000 IU per day to 100 000 IU weekly for 8 
weeks, and a single bolus dose of 300 000 IU 
with 12-week follow-up.

Type 2 diabetes mellitus (T2DM)/ 
glycaemic control
Epidemiological studies suggest a role of vitamin 
D in glycaemic control of patients with T2DM.134 

Although there is some heterogeneity amongst 
studies, over the past 5 years a number of meta-
analyses, covering over 20 RCTs overall, have 
reported benefits of vitamin D supplementation 
on glycosylated haemoglobin (HbA1c; a long-
term measure of blood glucose control), fasting 
blood glucose (FBG) and/or HOMA-IR, especially 
in patients with VDD.135,136,137,138 Only one 
meta-analysis found no statistically significant 
improvements in HbA1c (no other variables 
were assessed).134

When it comes to glycaemic control in non-
diabetics at risk of IR, results are more 
contradictory, with one meta-analysis (12 
RCTs) finding significant reductions in FBG, 
HOMA-IR and circulating levels of insulin,139 
whilst another found no benefits on IR,140 and 
yet another benefits for FBG and HbA1c but 
not HOMA-IR.141 One meta-analysis found no 
overall effect on FBG, IR or preventing T2DM, but 
noted that results differed significantly between 
different subgroups.142 One meta-analysis found 
that vitamin D reduced the risk of developing 
T2DM in non-obese but not obese people with 
prediabetes.143 Overall, these studies suggested 
that dosages of 2000 IU or more per day were 
more beneficial than lower dosages.

Overall, the evidence suggests that vitamin D 
may improve glycaemic control in people with 
both T2DM and prediabetes, especially those 
with VDD. Benefits have been seen with a range 
of dosing regimens, and there is some evidence 
that dosages of 2000 IU per day or more give 
better benefits.

It is thought that the ability of vitamin D to 
reduce inflammation and oxidative stress may 
mediate, at least in part, its benefits in T2DM 
and prediabetes.144 Intervention studies have 
confirmed that vitamin D supplementation 
decreases inflammatory and oxidative stress 
markers in patients with T2DM.144,145,146

Muscle strength
Vitamin D deficiency has been associated with 
muscle aches and weakness.147

Vitamin D supplementation has therefore 
been trialled for increasing strength in various 
populations. Whilst benefits of vitamin D 
have been observed in healthy adults,148 no 
benefits have been seen in athletes147,149 or 
postmenopausal women.150,151 Findings in elderly 
people are mixed, with some studies showing 
small improvements in some strength tests,152 
whilst others show no additional benefit of 
vitamin D in addition to that of exercise.153

Non-alcoholic fatty liver disease (NAFLD)
Non-alcoholic fatty liver disease is caused by a 
build-up of fat within liver cells, and is closely 
associated with abnormal glucose and lipid 
metabolism, and increased inflammation and 
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oxidative stress.154 People with NAFLD tend to 
have lower levels of vitamin D.155

Four recent meta-analyses have evaluated the 
potential benefits of vitamin D in patients with 
NAFLD, reviewing six to 10 studies each, with 
some overlap of included studies. Two found 
no improvements in liver enzymes (markers of 
liver damage), lipid or glucose metabolism.154,155 
One review found significant improvements 
in alkaline phosphatase, but not in other liver 
enzymes.156 The fourth one found significant 
improvements in glucose metabolism, alanine 
aminotransferase (a liver enzyme) and 
triglycerides, but not cholesterol (total, LDL or 
HDL) or aspartate aminotransferase (another 
liver enzyme).157 One of the studies carried out 
a subgroup analysis, but found no effects of 
dosing regimen, vitamin D status at baseline or 
other factors.154 Looking at the individual study 
characteristics and results also does not show 
any obvious associations. 

Two more RCTs have been published since, and 
both found significant improvements in blood 
markers158,159 and transient elastography (a 
specific ultrasound scan).158 Dosages used in 
these trials were 1000 IU per day for 12 months 
and 50 000 IU per week for 3 months.

Whilst findings from clinical trials are inconsistent, 
there may be a benefit of vitamin D in patients 
with NAFLD, but the research to date does not 
allow to make any specific dose recommendations.

Obesity
Obesity has become a major health concern, and 
in 2017−2018 the prevalence of obesity in adults 
in the USA was 42.4%, with 9.2% being severely 
obese.160 Epidemiological research has shown 
that people with obesity have lower levels of 
vitamin D, and that there is a dose−response 
relationship between the two.161 However, it is 
unclear which is cause and which is effect. 

A number of clinical trials have looked at 
the effect of vitamin D on weight and body 
composition. A meta-analysis in 2019 found 
that vitamin D, when included in weight loss 
programmes, had small, but statistically 
significant additive effects on body mass 
index (BMI; average decrease −0.3) and waist 
circumference (average decrease −1.4cm), but 
not weight.162 Two other meta-analyses found 
no effect of vitamin D supplementation on body 
fat163 or BMI, weight or fat mass.164

Adipokines, including leptin and adiponectin, are 
cell-signalling proteins secreted by fat cells, and 
they play an important role in obesity. A recent 
meta-analysis reviewed studies looking at vitamin 
D supplementation and adipokines, but found no 
effects.165

Overall, the evidence suggests that vitamin 
D does not help with weight or fat loss as 
such. However, because people with obesity 
are at increased risk for many conditions 
associated with VDD, supplementation should 
be considered, especially in those with VDD. 
Vitamin D levels should be monitored and 
vitamin D dose adjusted accordingly, as studies 
have shown that obesity decreases the effect of 
vitamin D supplementation.11

Pain
Epidemiological studies have shown that 
patients with arthritis, muscle pain and chronic 
widespread pain have lower vitamin D levels 
than people without these painful conditions.166

Two meta-analyses looking at low back pain167 
and non-specific musculoskeletal pain168 found no 
benefit of vitamin D supplementation, although 
the authors of one of the reviews noted that 
this is based on poor-quality evidence.167 On 
the other hand, a meta-analysis of RCTs on 
chronic widespread pain, such as in fibromyalgia 
syndrome, found a halving of pain scores with 
vitamin D supplementation.169 Benefits were also 
reported in a meta-analysis of different types of 
chronic pain, although benefits were only seen in 
clinical trials carried out in a hospital (as opposed 
to a community) setting.170 The authors of the latter 
review hypothesize that a possible explanation for 
that discrepancy may be that higher dosages were 
used in hospital-based trials.

Overall, the evidence regarding the potential 
benefits of vitamin D for pain-related conditions 
is mixed and may depend on the type of pain.

Polycystic ovary syndrome (PCOS)
Polycystic ovary syndrome is a common 
condition that affects about one in 10 women, 
and is characterised by enlarged ovaries that 
contain many fluid-filled sacs (follicles) that 
surround the eggs, excess androgens (‘male’ 
hormones) and irregular periods.171 Whilst 
generally considered a gynaecological condition, 
the underlying cause of PCOS is thought to be 
IR. PCOS has been associated with low vitamin 
D levels.172
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There is a significant body of research into 
various markers of PCOS, which have been 
summarised in several recent meta-analyses. 
Vitamin D supplementation has been shown to 
improve blood sugar and lipid metabolism,173,174,175 
androgen levels,172,174 inflammatory and oxidative 
stress markers,176 and follicular development and 
menstrual cycle regulation.177

Fertility problems are common in women with 
PCOS. Three recent clinical trials also showed 
improvements in a number of fertility-related 
markers178,179,180 and pregnancy rates.180

Overall, the evidence shows benefits for 
women with PCOS with regards to metabolic 
parameters, hormone balance and fertility. The 
three fertility-related studies used approximately 
3000 IU per day, either as a daily or weekly 
supplement, dosages in other studies varied 
widely with both daily and bolus regimens.

Pregnancy
Pregnant women and new-borns are at 
increased risk of VDD,181 raising the question 
whether vitamin D supplementation during 
pregnancy offers clinical benefits.

Gestational diabetes mellitus (GDM)
Gestational diabetes mellitus carries significant 
risks to both mother and baby, and is increasing 
worldwide.182

Five meta-analyses, including over 20 RCTs, 
have evaluated the potential benefits of vitamin 
D for pregnant women with GDM, and all have 
found significant improvements in glycaemic 
control and/or reduced adverse maternal or 
neonatal outcomes.182,183,184,185,186,187 A wide 
range of dosing regimens have been used, from 
400 IU daily to single bolus doses of 300 000 
IU. Looking at the individual study results of 
the most comprehensive meta-analysis that 
included 19 RCTs,183 positive results, although 
not always statistically significant, appeared 
to be consistent over a wide range of dosage 
regimens, with the exception of two studies 
that used 300 000 IU bolus dosages and 
showed no effects.

The evidence shows a clear benefit of vitamin 
D supplementation for both mother and baby in 
women with gestational diabetes. A wide range 

of dosages appeared to be beneficial, except large 
bolus doses.

Pre-eclampsia
Pre-eclampsia is a pregnancy-related condition, 
characterised by hypertension, proteinuria 
(protein in urine) and oedema, which is potentially 
life-threatening to both mother and baby.

Three recent meta-analyses, covering 
over 25 RCTs, all concluded that vitamin D 
supplementation reduced the risk of pre-
eclampsia, with estimated risk reductions of 
37−63%.188,189,190 

Daily dosages have ranged from 200 IU to 
5000 IU, but intermittent dosages have also 
been used, commonly 50 000 IU every 2 weeks. 
One meta-analysis suggests a dose−response 
relationship, with higher dosages being more 
protective.189

Overall, the evidence is in favour of vitamin D 
supplementation for reducing the risk of pre-
eclampsia, with higher dosage being more 
effective.

Pregnancy outcomes
Three recent meta-analyses, covering over 20 
RCTs, have shown vitamin D supplementation 
being of benefit in terms of birth weight.181,191,192 
One of these studies also looked at mortality, 
and found significantly reduced mortality with 
vitamin D dosages of 2000 IU per day or lower, 
whilst reduction of mortality lost statistical 
significance with higher dosages.192 This study 
also showed that there was no association of 
vitamin D supplementation with congenital 
abnormalities.

Overall, supplementing 2000 IU per day of 
vitamin D during pregnancy appears to be 
beneficial for both maternal and neonatal 
outcomes.

Respiratory tract infections 
Respiratory tract infections are a major cause 
of morbidity and mortality globally. Low levels 
of vitamin D have been associated with an 
increased susceptibility to RTIs.193

Two recent meta-analyses, covering more than 
40 RCTs, have shown that daily and weekly, but 
not bolus, administration of vitamin D reduces 
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the risk of RTIs.193,194 Whilst one study found 
that these effects were stronger in patients with 
baseline vitamin D levels of below 25 ng/ml,193 
the other found better effects in children aged 
1−15 years, and dosages between 400 and 
1000 IU per day.194

COVID-19
In view of the benefits of vitamin D in reducing the 
risk of other RTIs, Vitamin D has received much 
attention as a possible factor in the incidence 
and severity of COVID-19. Epidemiological 
studies looking at vitamin D levels and the risk 
of getting COVID-19 have mostly shown that 
VDD is associated with a higher risk of getting 
COVID-19, with an up to 80% increased risk 
reported,195,196,197,198 although Pereira et al. found no 
association.199 Three meta-analyses looked into the 
risk of severe COVID-19, and found an increased 
risk of up to 260% in those who were VDD.197,198,199

A number of RCTs have also been conducted. 
One RCT in asymptomatic or mildly symptomatic 
patients found that those who received vitamin 
D, 60 000 IU per day for 7 days, were more 
likely to have recovered within 21 days [defined 
as a negative polymerase chain reaction (PCR) 
test] and had lower biomarkers associated with 
severe disease than those on placebo.200 One 
RCT in hospitalised patients found that a single 
dose of 200 000 IU did not reduce mortality, 
risk of admission to the intensive care unit (ICU), 
mechanical ventilation or length of hospital stay 
compared with placebo.201 

On the other hand, a pilot RCT from Spain 
compared 76 patients hospitalised with 
COVID-19, some of whom received oral calcifediol 
(0.532 mg) on the day of admission, 0.266 mg on 
days 3 and 7, and then weekly until discharge or 
ICU admission in addition to standard care, whilst 
the controls received standard care only. Only 2% 
of patients on calcifediol needed transfer to the 
ICU and none of them died, compared with two 
deaths (8%) and 50% of patients needing ICU 
treatment in the control group.202 This raises the 
question, whether the use of an activated form of 
vitamin D may provide more benefit in acutely and 
severely ill patients in whom activation of vitamin 
D3 may be impaired or take too long.

A number of case series, prospective 
unrandomised and/or uncontrolled studies 
have also shown benefits of vitamin D 
supplementation in COVID-19 patients.203,204,205,206

Overall, whilst evidence is still emerging, 
ensuring adequate vitamin D levels appears to 
be a prudent approach for prevention of severe 
COVID-19 as well as RTIs in general, whilst 
administration of high-dose calcifediol should 
be considered in patients hospitalised with 
severe COVID-19. 

Table 2: Guidelines for vitamin D intake in 
VDD210

SAFETY
Based on its role in calcium metabolism, the 
main safety concern with excessive vitamin D 
levels is hypercalcaemia. Hypercalcaemia can 
lead to nausea, vomiting, muscle weakness, 
neuropsychiatric disturbances, pain, loss of 
appetite, dehydration, polyuria, excessive thirst, 
kidney stones and, in extreme cases, renal failure, 
calcification of soft tissues, cardiac arrhythmias 
and even death.6

Vitamin D has been used at a wide range 
of dosages, and up to 10 000 IU per day is 
considered to be safe,1,6 but the NIH sets the 
upper tolerable intake for children aged 9 years 
and older and adults as 4000 IU per day.6

A meta-analysis of 62 clinical trials with 19 
389 participants reported that there was no 
increased risk of any or non-hypercalcaemic 
adverse events (AEs).208 The authors also 

Age
group

For individuals at risk 
of deficiency

Treatment for 
deficiency

Daily 
requirement

Upper limit

0-1 years 400-1000 IU 2000 IU

2000 IU/day for 
at least 6 weeks 
to achieve serum 
25(OH)D > 30 ng/ml

1-18 years 600-1000 IU 4000 IU

2000 IU/day for 
at least 6 weeks 
to achieve serum 
25(OH)D > 30 ng/ml

>18 years 1500-2000 IU 10 000 IU

6000 IU/day for 
at least 6 weeks 
to achieve serum 
25(OH)D > 30 ng/ml
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reported that although gastrointestinal and skin 
AEs have been reported, these were not more 
common in the vitamin D as compared with the 
control groups. More participants withdrew from 
studies, which may indicate AEs, where calcium 
was taken by both the vitamin D and the control 
groups, but not in studies without calcium. The 
authors concluded that “vitamin D, by itself, 
does not increase the risk of non-calcemic 
adverse effects”. The authors carried out various 
subgroup analyses, and found no increase in AEs 
regardless of whether vitamin D was given with 
or without calcium, length of supplementation, 
baseline vitamin D levels or whether vitamin D2 
or D3 were used, a subgroup analysis by dose of 
vitamin D was not reported.208

A Cochrane review of 53 RCTs on fracture risk 
involving 91 791 older adults found no increased 
mortality in patients receiving vitamin D with 
or without calcium.89 They found a small (4%) 
but statistically significant increased risk of 
gastrointestinal symptoms, especially when 
combined with calcium, and a 17% increased risk 
of kidney disease when taken with calcium, but a 
41% reduced risk of kidney disease when taken 
without calcium. The overall risk increase for 
kidney disease was 16%, with an absolute risk 
increase from 1.69 to 1.98 in 1000. The risk of 
hypercalcaemia, which was usually mild (2.6−2.8 
mmol/L), was more than doubled in people 
receiving vitamin D or an analogue compared 
with controls, with a more than four times higher 
risk in people receiving calcitriol.89

Interaction with medications6

Orlistat may decrease vitamin D absorption.

Statins suppress cholesterol synthesis and 
vitamin D is made from cholesterol, statins may 
therefore reduce vitamin D levels. Vitamin D may 
reduce the potency of statins.

Corticosteroids can impair vitamin D 
metabolism, and people on oral steroids have an 
increased risk of VDD.

Thiazide diuretics decrease urinary calcium 
excretion, which in combination with vitamin 
D supplements might lead to hypercalcaemia. 
Additional monitoring of vitamin D and calcium 
levels and possibly renal function should be 
instigated by the prescribing physician.

Cautions in specific conditions209

Due to its effect on calcium metabolism, vitamin 
D should be used with caution in patients with 
arteriosclerosis, histoplasmosis, hypercalcaemia, 
hyperparathyroidism, lymphoma, kidney disease, 
tuberculosis and sarcoidosis.

Pregnancy and lactation
Pregnant and lactating women are at particular 
risk of VDD, and therefore often advised to 
supplement vitamin D. The NIH sets the same 
upper tolerable limit (UTL) of 4000 IU per day for 
these groups.6

See also under the section ‘Pregnancy’ for 
studies reporting reduced mortality of infants 
and no risk of congenital abnormalities 
associated with vitamin D supplementation.

Children
Vitamin D supplementation in children is 
generally safe, and has shown benefits for a 
number of conditions, including IBD, allergies and 
prevention of respiratory infections (see above). 
The NIH set UTLs according to age groups:6

• Up to 6 months: 1000 IU per day

• 6−12 months: 1500 IU per day

• 1−3 years: 2500 IU per day

• 4−8 years: 3000 IU per day

• From 9 years: 4000 IU per day

CONCLUSION
Whilst epidemiological research has linked 
vitamin D with many conditions, it is important to 
remember that a statistical association does not 
necessarily reflect a causal relationship. Clinical 
supplementation trials have shown benefits of 
vitamin D in a number of conditions, including 
AD, CU, CRC, depression, PCOS, T2DM and 
pregnancy-related disorders. Some benefits 
have also been seen for cardiovascular risk 
factors, but studies looking at cardiovascular 
events found no reduction in risk. The reason 
for these contradictory findings is unknown. 
Interestingly, although epidemiological as well 
as preclinical research points strongly to an 
important role of vitamin D in autoimmunity, 
results from supplementation studies have either 
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shown no benefits (MS, psoriasis) or have been 
contradictory (RA, autoimmune thyroid disease, 
SLE).

It is possible that vitamin D status is a proxy for 
other factors, in particular exposure to sunlight, 
which has also been shown to have other 
benefits. Contradictory results can also be due 
to differences in baseline vitamin D status and 
methodological problems with establishing 
vitamin D status, as well as to the large range 
of dosing regimens used in clinical trials. Further 
well-designed studies may find optimal dosing 
regimens as well as those populations who may 
benefit most.

From a clinical perspective, the best practice is 
to establish vitamin D status at the start of a 
programme and monitor regularly to achieve and 
maintain optimal levels, through appropriate sun 
exposure and/or supplementation.
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