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Introduction

Initial reports linking low vitamin D levels with 
increased risk and severity of COVID-19 began 
to emerge in April 20201,2,3, and were largely 

based on the finding that the population groups 
who experienced a higher incidence of severe 
disease and death from SARS-CoV-2 infection 
were the same groups who were more likely to 
be vitamin D deficient4. Previous research had 
also clearly demonstrated that acute respiratory 
infection5 and community acquired pneumonia6 
were more common in those who were vitamin D 
deficient, and that these risks were significantly 
reduced in those taking vitamin D supplements, 
especially if they had low vitamin D levels at 
baseline7. These latter findings have since been 
corroborated by a further recent meta-analysis 
which showed a ~25% reduction in risk of acute 
respiratory infection in those supplementing with 
vitamin D on a daily basis8. 
As the pandemic progressed, ecological data began 
to emerge which specifically showed both an 
increased incidence of SARS-CoV-2 infection and 
increased mortality from COVID-19 in populations 
with confirmed low vitamin D levels9, and at 
latitudes where vitamin D deficiency was more 
likely to occur due to low sunlight exposure10. 
Again, these associations between higher risk and 
low sunlight exposure were confirmed by later 
work which demonstrated a coincident surge in 
SARS-CoV-2 infection rates as UVB irradiation from 
sunlight declined over Winter months11. 
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SARS-COV-2 InCIDenCe – 
ObSeRVATIOnAl DATA 
Data explicitly describing the association 
between low vitamin D status and SARS-
CoV-2 infection risk have been mainly 
observational to date, given the challenges 
of establishing patients’ vitamin D status 
prior to infection. Notable findings include 
those from the UK where a study of 105 
patients aged over 65 years presenting 
with symptoms consistent with SARS-
CoV-2 infection revealed a significantly 
lower median 25(OH)D level in those who 

subsequently tested positive for SARS-
CoV-2 than in those who tested negative 
(27nmol/l vs. 52nmol/l; p=0.0008)12. 
In Chicago, another study examined 
data from nearly 500 suspected SARS-
CoV-2 cases with available vitamin D 
data, of whom 71 patients ultimately 
tested positive. This study showed a 
77% increased risk of SARS-CoV-2 
positivity amongst those with confirmed 
or likely low vitamin D status (25(OH)
D <50nmol/l) over the preceding year 
(p=0.02)13. A further large US study of 
191,779 individuals from across all 50 US 
States also found an association between 
25(OH)D levels from the preceding year 

and SARS-CoV-2 infection. SARS-CoV-2 
positivity was 12.5% in those with serum 
25(OH)D <50nmol/l, falling to 8.1% in 
those with 25(OH)D levels of 75-85nmol/l, 
and to 5.9% in those with 25(OH)D levels 
>137nmol/l. These differences in SARS-
CoV-2 positivity according to serum 
25(OH)D were preserved after adjustment 
for ethnicity, age, gender and geographic 
location, with a 6.4% decrement in risk 
associated with each 10nmol/l increase in 
circulating 25(OH)D level14.

Two large Israeli studies have also 
examined SARS-CoV-2 positivity in 
relation to vitamin D status. One amongst 
7,807 individuals (782 positive cases) 
revealed a 45% increased risk of SARS-
CoV-2 infection amongst those with 
serum 25(OH)D levels <75nmol/l (p < 
0.001)15. While a much larger study among 
52,405 SARS-CoV-2 positive cases and 
524,050 SARS-CoV-2 negative controls 
showed an 82% increased risk of SARS-
CoV-2 positivity (p<0.001) amongst 
those with serum 25(OH)D <30nmol/l, a 
37% increased risk in those with 25(OH)
D of 30-50nmol/l (p<0.001) and a 10% 
increased risk in those with 25(OH)D of 
50-75nmol/l (p<0.001) when compared 
against those achieving a serum 25(OH)
D level >75nmol/l; differences which 
persisted even after adjustment for 
ethnicity16.

Two meta-analyses in this area have 
also reported in recent months. The first 
examined data from 10 studies including 
361,934 participants. It confirmed the 
presence of lower vitamin D levels in 
SARS-CoV-2 positive patients, with a 43% 
increased risk of SARS-CoV-2 infection 
in those with 25(OH)D levels less than 
72.5nmol/l17. The second systematic 
review and meta-analysis evaluated data 
from 39 individual studies, citing a 77% 
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increased riskof SARS-CoV-2 positivity in 
the adjusted studies examined and a 75% 
increased risk in the studies which were 
unadjusted for confounders, amongst the 
vitamin D deficiency groups18.

COVID-19 SeVeRITy AnD MORTAlITy 
- ObSeRVATIOnAl DATA 
From May 2020 onwards, explicit clinical 
data linking low vitamin D status to 
increased COVID-19 severity and mortality 
also began to emerge. For example, Prof. 
John Faul’s work in Connolly Hospital 
Blanchardstown showed not only very low 
serum 25(OH)D levels in patients admitted 
with COVID-19, but also a gradient in 
these blood levels between non-critical 
patients admitted with pneumonia (median 
41nmol/l) and those with more severe 
Acute Respiratory Distress Syndrome 
(ARDS) (median 27nmol/l). This study 
also identified a 3.2-fold increased risk 
of intubation in COVID-19 patients with 
serum 25(OH)D levels <30nmol/l19.

These Irish data were soon augmented 
by those from international studies which 
also showed an association between low 
vitamin D status and severe COVID-19 
disease (e.g. ICU admission, invasive 
mechanical ventilation)12,20 and COVID-19 
mortality20,21, even after adjustment 
for potential confounders. One of these 
studies showed a 14.7 times increased risk 
of death in COVID-19 patients with 25(OH)
D levels <30nmol/l after adjustment for 
age, gender and underlying disease20. 

Many studies have concurred with 
these findings over recent months, with 
systematic reviews and meta-analyses 
now appearing in the literature. One of 
these examined data from fifteen studies 
evaluating the association between 
vitamin D deficiency and composite 
COVID-19 disease severity. In the studies 

which adjusted for confounders, severe 
COVID-19 disease was more than two-
and-a-half times more likely in those who 
were vitamin D deficient. While in the non-
adjusted studies, risk of severe COVID-19 
disease increased more than 10-fold in 
those who were vitamin D deficient18. 
In relation to mortality, the same meta-
analysis showed that in unadjusted studies 
COVID-19 patients who were vitamin D 
deficient were 2.6 times more likely to die 
from their infection than those who were 
vitamin D replete. Even after adjustment 
for confounders, these vitamin D deficient 
COVID-19 patients remained 2.35 times 
more likely to die than patients with 
adequate vitamin D levels. This meta-
analysis concluded that there was a 
significant inverse association between 

vitamin D status and mortality from 
COVID-1918.

eSTAblIShIng CAuSAlITy 
In establishing whether these observed 
associations between low vitamin D status 
and increased risk and severity of SARS-
CoV-2 infection are causal in nature, we 
are afforded clues from studies which 
highlight the biological plausibility of such 
associations. Also from intervention studies 
which demonstrate a reduced risk of 
severe COVID-19 disease and mortality in 
those receiving vitamin D supplementation.
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bIOlOgICAl PlAuSIbIlITy 
The proposed mechanisms by which low 
vitamin D status contributes to increased 
risk of acute respiratory infection22 and 
SARS-CoV-2 infection specifically23,24 

have been comprehensively described. 
In brief, vitamin D is known to potentiate 
important elements of the innate immune 
system including cathelicidin and Beta-
defensin expression, and also macrophage 
chemotaxis and phagocytosis which 
enhance viral clearance. Regarding the 
adaptive immune system, Vitamin D 
repletion is associated with promotion of 
the benign Th2 immuno-phenotype, rather 
than the aggressive Th1 response which 
characterises the ‘cytokine storm’ often 
observed in severe COVID-19 
disease. Vitamin D is also 
known to have a direct 
suppressive effect on 
some of the inflammatory 
cytokines implicated 
in this catastrophic 
inflammatory cascade 
including IL-6 and TNF-α. 
Furthermore, low vitamin 
D status is associated with 
inappropriate over-activation 
of the Renin Angiotensin 
System (RAS) with consequent 
pro-inflammatory and pro-thrombotic 
effects. Finally, vitamin D deficiency is 
associated with higher circulating levels 
of free vitamin D binding protein (VDB), 
enabling its attachment to globular actin 
proteins liberated during tissue damage 
to create pro-inflammatory complexes 
which drive further tissue damage. For all 
of these reasons, it is not just eminently 
plausible, but highly probable, that low 
vitamin D status is causally linked to both 
increased risk of SARS-CoV-2 infection, 
and to increased severity of COVID-19 
disease where such infection does occur.

InTeRVenTIOn STuDIeS 
Since the initial intervention study which 
reported an odds ratio of 0.03 (i.e. a ~30-
fold reduced risk) of ICU admission in 
COVID-19 patients administered activated 
vitamin D (calcifediol or 25(OH)D) early 
in their admission25, several other studies 
have indicated a similar protective effect. 
For example, one French study cited an 
odds ratio for mortality of 0.11 in nursing 
home residents receiving large bolus 
doses of vitamin D within a month of 
their COVID-19 admission compared with 
patients who were unsupplemented (44% 
mortality in the vitamin D group versus 
83% mortality in the unsupplemented 
group at 5 weeks post-discharge)26. A 

much larger UK study comprising 
nearly 1,000 patients reported 

a 7-8 fold reduced risk of 
death in COVID-19 patients 
receiving bolus vitamin D 
supplementation during 
their admission even 
after adjustment for 
potential confounders. In 
their follow-up validation 

study which adjusted for 
an even more extensive list 

of potential confounders, risk 
of death remained two-and-a-half 

times lower in patients receiving this 
vitamin D ‘booster’ therapy27.

While meta-analyses have yet to appear 
in this area, the published studies to 
date strongly support a protective effect 
of vitamin D supplementation against 
severe COVID-19 disease. Prospective 
data from intervention trials examining 
the association between vitamin D 
supplementation and reduced risk of 
SARS-CoV-2 infection are awaited.
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Irish food intakes of vitamin D are low28, 
and cutaneous vitamin D synthesis from 
sunlight exposure (the major physiological 
source) is highly variable and unreliable for 
most of the Irish population due to seasonal 
and other factors. Unsurprisingly in this 
context, vitamin D deficiency below the 
50nmol/l threshold required for enhanced 
immunological protection against SARS-CoV-2 
infection and severe COVID-19 disease and 
mortality is highly prevalent in Ireland. In 
fact, it has been shown that roughly 50% of 
the overall Irish adult population (including 
young adults), 67% of nursing home residents 
and up to 93% of East Asian Immigrants 
living in Dublin have 25(OH)D levels below 
this critical 50nmol/l threshold29,30,31. In the 
absence of statutory food fortification, and 
given the unambiguous safety profile of 
vitamin D intakes up to 100µg/day (4000 
IU/day) 32,33,34,35, vitamin D supplementation 
represents a cheap, safe and practical way of 
enhancing immunological protection against 
COVID-19. Where clinical contraindications 
such as sarcoidosis, lymphoma, TB or other 
granulomatous conditions are not present, 
vitamin D supplementationat doses of 
20-25ug/d (800-1000 IU/day) should be 
recommended to Irish adults. Although 
certain vulnerable population groups (e.g. 
older adults, those with obesity or dark skin 
pigmentation) may require higher doses 
than this under medical supervision. Along 
with vaccination and existing public health 
guidelines on social distancing, cough-
etiquette, mask-wearing and hand-
washing, vitamin D supplementation 
at these doses should be a public 
health and clinical priority for 
the duration of the COVID-19 
pandemic and beyond.

C O N C L U S I O N  A N D 
R E C O M M E N D A T I O N S

Image: Freepik

The Role of Vitamin D Status in SARS-CoV-2 Infection and COVID-19 Disease Severity



6

1. McCartney DM, Byrne DG (2020) Optimisation of 
vitamin D status for enhanced immuno-protection 
against COVID-19. Ir Med J 113:58.

2. Grant WB, Lahore H, McDonnell SL et al (2020) 
Evidence that vitamin D supplementation could 
reduce risk of influenza and COVID-19 infections and 
deaths. Nutrients 12:988. https://doi.org/10.3390/
nu12040988.

3. Laird E, Kenny RA (2020) Vitamin D deficiency in 
Ireland – implications for COVID-19 - results from 
the Irish Longitudinal Study on Ageing (TILDA). 
TILDA, Dublin.

4. Williamson EJ, Walker AJ, Bhaskaran K, Bacon S, 
Bates C, Morton CE, Curtis HJ, Mehrkar A, Evans D, 
Inglesby P, Cockburn J, McDonald HI, MacKenna B, 
Tomlinson L, Douglas IJ, Rentsch CT, Mathur R, Wong 
AYS, Grieve R, Harrison D, Forbes H, Schultze A, 
Croker R, Parry J, Hester F, Harper S, Perera R, Evans 
SJW, Smeeth L, Goldacre B (2020) Factors associated 
with COVID-19-related death using OpenSAFELY. 
Nature 584:430–436. https://doi.org/10.1038/
s41586-020-2521-4.

5. Berry DJ, Hesketh K, Power C, Hyppönen E (2011) 
Vitamin D status has a linear association with 
seasonal infections and lung function in British 
adults. Br J Nutr 106:1433–1440. https://doi.
org/10.1017/S0007114511001991

6. Zhou YF, Luo BA, Qin LL. The association between 
vitamin D deficiency and community-acquired 
pneumonia: A meta-analysis of observational 
studies. Medicine (Baltimore). 2019; 98:e17252. doi: 
10.1097/MD.0000000000017252.

7. Martineau AR, Jolliffe DA, Hooper RL, Greenberg 
L, Aloia JF, Bergman P, Dubnov-Raz G, Esposito S, 
Ganmaa D, Ginde AA, Goodall EC, Grant CC, Griffiths 
CJ, Janssens W, Laaksi I, Manaseki-Holland S, 
Mauger D, Murdoch DR, Neale R, Rees JR, Simpson 
S Jr, Stelmach I, Kumar GT, Urashima M, Camargo 
CA Jr (2017) Vitamin D supplementation to prevent 
acute respiratory tract infections: systematic review 
and meta-analysis of individual participant data. BMJ 
356:i6583. https://doi.org/10.1136/bmj.i6583.

8. Jolliffe DA, Camargo CA Jr, Sluyter JD, Aglipay M, 
Aloia JF, Ganmaa D, Bergman P, Bischoff-Ferrari 
HA, Borzutzky A, Damsgaard CT, Dubnov-Raz 
G, Esposito S, Gilham C, Ginde AA, Golan-Tripto 
I, Goodall EC, Grant CC, Griffiths CJ, Hibbs AM, 
Janssens W, Khadilkar AV, Laaksi I, Lee MT, Loeb M, 
Maguire JL, Majak P, Mauger DT, Manaseki-Holland 
S, Murdoch DR, Nakashima A, Neale RE, Pham H, 
Rake C, Rees JR, Rosendahl J, Scragg R, Shah D, 
Shimizu Y, Simpson-Yap S, Trilok-Kumar G, Urashima 
M, Martineau AR. Vitamin D supplementation to 
prevent acute respiratory infections: a systematic 
review and meta-analysis of aggregate data from 
randomised controlled trials. Lancet Diabetes 
Endocrinol. 2021 May; 9(5):276-292. doi: 10.1016/

S2213-8587(21)00051-6. Epub 2021 Mar 30. PMID: 
33798465.

9. Ilie PC, Stefanescu S, Smith L (2020) The role of 
vitamin D in the prevention of coronavirus disease 
2019 infection and mortality. Aging Clin Exp Res 
32:1195–1198. https://doi.org/10.1007/s40520-
020-01570-8.

10. Rhodes JM, Subramanian S, Laird E, Kenny RA 
(2020) Editorial: low population mortality from 
COVID-19 in countries south of latitude 35 degrees 
North supports vitamin D as a factor determining 
severity. Aliment PharmacolTher 51:1434–1437. 
https://doi.org/10.1111/apt.15777.

11. Walrand S. Autumn COVID-19 surge dates in Europe 
correlated to latitudes, not to temperature-humidity, 
pointing to vitamin D as contributing factor. Sci Rep. 
2021 Jan 21;11(1):1981. doi: 10.1038/s41598-021-
81419-w. PMID: 33479261; PMCID: PMC7820009.

12. Baktash V, Hosack T, Patel N et al (2020) Vitamin 
D status and outcomes for hospitalised older 
patients with COVID-19. Postgrad Med J. https://
doi.org/10.1136/postgradmedj-2020-138712 Online 
ahead of print.

13. Meltzer DO, Best TJ, Zhang H, Vokes T, Arora V, 
Solway J (2020) Association of vitamin D status and 
other clinical characteristics with COVID-19 test 
results. JAMA Netw Open 3:e2019722. https://doi.
org/10.1001/jamanetworkopen.2020.19722.

14. Kaufman HW, Niles JK, Kroll MH, Bi C, Holick MF 
(2020) SARS-CoV-2 positivity rates associated with 
circulating 25-hydroxyvitamin D levels. PLoS One 
15:e0239252. https://doi.org/10.1371/journal.
pone.0239252.

15. Merzon E, Tworowski D, Gorohovski A, Vinker S, 
Golan Cohen A, Green I, Frenkel-Morgenstern 
M (2020) Low plasma 25(OH) vitamin D level is 
associated with increased risk of COVID-19 infection: 
an Israeli population-based study. FEBS J 287:3693–
3702. https://doi.org/10.1111/febs.15495

16. Israel A, Cicurel A, Feldhamer I et al. (2020) 
The link between vitamin D deficiency and 
COVID-19 in a large population. MedRxiv 
[Preprint] (2020). https://doi.org/10.1101/202
0.09.04.20188268. https://www.medrxiv.org/
content/10.1101/2020.09.04.20188268v1 (accessed 
11th September 2020)

17. Liu N, Sun J, Wang X, Zhang T, Zhao M, Li H (2021) 
Low vitamin D status is associated with coronavirus 
disease 2019 outcomes: a systematic review and 
meta-analysis. Int J Infect Dis. 2021 Jan 2;104:58-
64. https://doi.org/10.1016/j.ijid.2020.12. 077. 
Online ahead of print.

18. Kazemi A, Mohammadi V, Aghababaee SK, Golzarand 
M, Clark CCT, Babajafari S. Association of Vitamin 

References

The Role of Vitamin D Status in SARS-CoV-2 Infection and COVID-19 Disease Severity

https://doi.org/10.3390/nu12040988
https://doi.org/10.3390/nu12040988
https://doi.org/10.1038/s41586-020-2521-4
https://doi.org/10.1038/s41586-020-2521-4
https://doi.org/10.1017/S0007114511001991
https://doi.org/10.1017/S0007114511001991
https://doi.org/10.1007/s40520-020-01570-8
https://doi.org/10.1007/s40520-020-01570-8
http://https://doi.org/10.1111/apt.15777
https://doi.org/10.1136/postgradmedj-2020-138712
https://doi.org/10.1136/postgradmedj-2020-138712
https://doi.org/10.1001/jamanetworkopen.2020.19722
https://doi.org/10.1001/jamanetworkopen.2020.19722
https://doi.org/10.1371/journal
https://doi.org/10.1111/febs.15495
https://doi.org/10.1101/2020.09.04.20188268
https://doi.org/10.1101/2020.09.04.20188268
https://www.medrxiv.org/content/10.1101/2020.09.04.20188268v1
https://www.medrxiv.org/content/10.1101/2020.09.04.20188268v1


7

D Status with SARS-CoV-2 Infection or COVID-19 
Severity: A Systematic Review and Meta-analysis. 
Adv Nutr. 2021 Mar 5:nmab012. https://doi.
org/10.1093/advances/nmab012. Epub ahead of 
print. PMID: 33751020.

19. Faul JL, Kerley CP, Love B et al (2020) Vitamin D 
deficiency and ARDS after SARS-CoV-2 infection. Ir 
Med J 113:84.

20. Radujkovic A, Hippchen T, Tiwari-Heckler S, Dreher 
S, Boxberger M, Merle U (2020) Vitamin D deficiency 
and outcome of COVID-19 patients. Nutrients 
12:2757. https://doi.org/10.3390/nu12092757

21. Jain A, Chaurasia R, Sengar NS, Singh M, Mahor S, 
Narain S (2020) Analysis of vitamin D level among 
asymptomatic and critically ill COVID-19 patients and 
its correlation with inflammatory markers. Sci Rep. 
2020 Nov 19;10(1):20191. https://doi.org/10.1038/
s41598-020-77093-z

22. Greiller CL, Martineau AR (2015) Modulation of the 
immune response to respiratory viruses by vitamin 
D. Nutrients 7:4240–4270. https://doi.org/10.3390/
nu7064240

23. Bilezikian JP, Bikle D, Hewison M, Lazaretti-Castro 
M, Formenti AM, Gupta A, Madhavan MV, Nair 
N, Babalyan V, Hutchings N, Napoli N, Accili D, 
Binkley N, Landry DW, Giustina A. MECHANISMS IN 
ENDOCRINOLOGY: Vitamin D and COVID-19. Eur J 
Endocrinol. 2020 Nov;183(5):R133-R147. https://
doi.org/10.1530/EJE-20-0665 PMID: 32755992

24. McCartney, D.M., O’Shea, P.M., Faul, J.L. et al. 
Vitamin D and SARS-CoV-2 infection—evolution 
of evidence supporting clinical practice and policy 
development. Ir J Med Sci (2020). https://doi.
org/10.1007/s11845-020-02427-9.

25. Castillo ME, Entrenas Costa LM, Vaquero Barrios 
JM et al (2020) Effect of calcifediol treatment and 
best available therapy versus best available therapy 
on intensive care unit admission and mortality 
among patients hospitalized for COVID-19: a 
pilot randomized clinical study. J Steroid Biochem 
Mol Biol 203:105751. https://doi.org/10.1016/j.
jsbmb.2020.105751.

26. Annweiler C, Hanotte B, de l’Eprevier CG et al 
(2020) Vitamin D and survival in COVID-19 patients: 
a quasi-experimental study. J Steroid Biochem 
Mol Biol:105771. https://doi.org/10.1016/j.
jsbmb.2020.105771.

27. Ling SF, Broad E, Murphy R, Pappachan JM, Pardesi-
Newton S, Kong MF, Jude EB (2020) High-Dose 
Cholecalciferol Booster Therapy is Associated with a 
Reduced Risk of Mortality in Patients with COVID-19: 
A Cross-Sectional Multi-Centre Observational Study. 
Nutrients. 2020 Dec 11;12(12):3799. https://doi.
org/10.3390/ nu12123799

28. Black LJ, Walton J, Flynn A, Cashman KD, Kiely M 
(2015) Small increments in vitamin D intake by Irish 
adults over a decade show that strategic initiatives to 
fortify the food supply are needed. J Nutr 145:969–
976. https://doi.org/10.3945/jn.114.209106.

29. Laird E, O’Halloran AM, Carey D et al (2018) 
The prevalence of vitamin D deficiency and the 
determinants of 25(OH)D concentration in older 
Irish adults: data from the Irish Longitudinal Study 
on Ageing (TILDA). J Gerontol A Biol Sci Med Sci 
73:519–525. https://doi.org/10.1093/gerona/glx168

30. Griffin TP, Wall D, Blake L, Griffin DG, Robinson SM, 
Bell M, Mulkerrin EC, O’Shea PM (2020) Vitamin 
D status of adults in the community, in outpatient 
clinics, in hospital and in nursing homes in the West 
of Ireland. J GerontolA Biol Sci Med Sci. https://doi.
org/10.1093/gerona/glaa010.

31. Laird E, Walsh JB, Lanham-New S, O’Sullivan M, 
Kenny RA, Scully H, Crowley V, Healy M. A High 
Prevalence of Vitamin D Deficiency Observed in 
an Irish South East Asian Population: A Cross-
Sectional Observation Study. Nutrients. 2020 Nov 
28;12(12):3674. doi: 10.3390/nu12123674. PMID: 
33260572; PMCID: PMC7760119.

32. Institute of Medicine (US) Committee to Review 
Dietary Reference Intakes for Vitamin D and Calcium; 
Ross AC, Taylor CL, Yaktine AL et al. eds. (2011) 
Dietary reference intakes for calcium and vitamin 
D. National Academies Press, Washington DC. 
441 p. Report available at: https://www.nap.edu/
download/13050 (accessed 11th September 2020). 
https://doi.org/10.17226/13050.

33. European Food Safety Authority (EFSA) (2012) 
Scientific opinion on the tolerable upper intake 
level of vitamin D. EFSA J 10:2813. https://
efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/j.
efsa.2012.2813 (accessed 11th September 2020). 
https://doi.org/10.2903/j.efsa.2012.2813.

34. Scientific Advisory Committee on Nutrition (SACN) 
(2016). Vitamin D and health. Crown Copyright, 
London. https://assets.publishing.service.gov.uk/
government/uploads/system/uploads/attachment_
data/file/537616/SACN_Vitamin_D_and_Health_
report.pdf (accessed 11th September 2020)

35. Food Safety Authority of Ireland (2018) The Safety 
of Vitamins and Minerals in Food Supplements – 
Establishing Tolerable Upper Intake Levels and a 
Risk Assessment Approach for Products Marketed in 
Ireland (Revision 2). Dublin: FSAI.

References (Contd.)

Date of Preparation: September 2021 Job Code: IE-NP-2100007

The Role of Vitamin D Status in SARS-CoV-2 Infection and COVID-19 Disease Severity

https://doi.org/10.3390/nu12092757
https://doi.org/10.3390/nu7064240
https://doi.org/10.3390/nu7064240
https://doi.org/10.1007/s11845-020-02427-9
https://doi.org/10.1007/s11845-020-02427-9
https://doi.org/10.1016/j.jsbmb.2020.105751
https://doi.org/10.1016/j.jsbmb.2020.105751
https://doi.org/10.1016/j.jsbmb.2020.105771
https://doi.org/10.1016/j.jsbmb.2020.105771
https://doi.org/10.3390/nu12123799
https://doi.org/10.3390/nu12123799
https://doi.org/10.3945/jn.114.209106
https://doi.org/10.1093/gerona/glx168
https://doi.org/10.1093/gerona/glaa010
https://doi.org/10.1093/gerona/glaa010
https://www.nap.edu/download/13050
https://www.nap.edu/download/13050
https://doi.org/10.17226/13050
https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/j.efsa.2012.2813
https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/j.efsa.2012.2813
https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/j.efsa.2012.2813
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/537616/SACN_Vitamin_D_and_Health_report.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/537616/SACN_Vitamin_D_and_Health_report.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/537616/SACN_Vitamin_D_and_Health_report.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/537616/SACN_Vitamin_D_and_Health_report.pdf

