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Abstract

Background

Recent research has indicated that vitamin D may have immune supporting properties through modulation of both
the adaptive and innate immune system through cytokines and regulation of cell signalling pathways. We hypothesize
that vitamin D status may influence the severity of responses to Covid-19 and that the prevalence of vitamin D
deficiency in Europe will be closely aligned to Covid-19 mortality.

Methods

We conducted a literature search on PubMed (no language restriction) of vitamin D status (for older adults) in
countries/areas of Europe affected by Covid-19 infection. Countries were selected by severity of infection (high and
low) and were limited to national surveys or where not available, to geographic areas within the country affected by
infection. Covid-19 infection and mortality data was gathered from the World Health Organisation.

Results

Counter-intuitively, lower latitude and typically ‘sunny’ countries such as Spain and Italy (particularly Northern Italy),
had low mean concentrations of 25(0OH)D and high rates of vitamin D deficiency. These countries have also been
experiencing the highest infection and death rates in Europe. The northern latitude countries (Norway, Finland,
Sweden) which receive less UVB sunlight than Southern Europe, actually had much higher mean 25(OH)D
concentrations, low levels of deficiency and for Norway and Finland, lower infection and death rates. The correlation
between 25(0OH)D concentration and mortality rate reached conventional significance (P=0.046) by Spearman's Rank
Correlation.

Conclusions

Optimising vitamin D status to recommendations by national and international public health agencies will certainly
have benefits for bone health and potential benefits for Covid-19. There is a strong plausible biological hypothesis
and evolving epidemiological data supporting a role for vitamin D in Covid-19.

Background

Vitamin D is a micronutrient which is essential to help maintain bone and musculoskeletal health®. However, recent
research has highlighted a crucial supportive role for vitamin D in immune cell function, particularly in modulating the
inflammatory response to viral infection??. At a cellular level, vitamin D modulates both the adaptive and innate
immune system through cytokines and regulation of cell signhalling pathways®*. Vitamin D receptor (VDR) is present on
both T and B immune cells; Vitamin D modulates the proliferation, inhibition and differentiation of these cells®. In
experimental models of lipopolysaccharide-induced inflammation, vitamin D is associated with lower concentrations
of the pro-inflammatory cytokine Interleukin- 6 (IL-6)®, which plays a significant role in Covid-19 induced acute
respiratory distress syndrome (ARDS)’. Vitamin D also reduces lipolysaccharide-induced lung injury in mice by blocking



effects on the Ang-2-Tie-2 and renin-angiotensin pathways that are highly relevant to Severe Acute Respiratory
Syndrome Coronavirus2 (SARS-CoV-2) pathogenicity®. A ‘sufficient’ vitamin D serum level is linked to a switch from a
pro- to anti-inflammatory profiles in older adults®. This impact on the regulation of inflammation is of particular
importance in older adults, the obese and those with chronic conditions as they may already be pre-set for a higher
inflammatory response if exposed to Covid-19. A heightened immune response in people who are vitamin D deficient
may therefore increase the potential for ‘cytokine storm’ and consequent ARDS?,

In a recent large cross-sectional clinical trial (n=18,883) lower vitamin D were associated with higher respiratory
infection rates and the effect was more pronounced in those with underlying lung conditions!!. Case-control studies
have also reported associations between low vitamin D and increased risk of infection!? and supplementation with
vitamin D seems to help reduce both symptoms and antibiotic use®. Meta-analysis has also indicated a weak but
reduced risk of acute respiratory infection with vitamin D supplementation* while a higher blood vitamin D status has
been associated with a small reduction in risk of pneumonia®®. Thus, although vitamin D deficiency probably increases
risk of upper respiratory viral infections, the size of this effect is small. It is the impact of vitamin D deficiency on
cytokine response, and potentially therefore on lung injury, that is potentially much more important in the context of
Covid-19.

Common risk factors for vitamin D deficiency and Covid-19

Curiously, many of the risk factors for vitamin D deficiency (defined as a 25-hydroxyvitamin D (25(OH)D) <30nmol/L)
are also risk factors for Covid-19 infection/worse outcomes. For instance older age, obesity, being male and having
pre-existing chronic conditions are risk factors for deficiency!®'” all of which can also make individuals particularly
vulnerable to Covid-19 and complications from the virus'®°. Coincidentally, the mortality rate for Covid-19 is the
highest for those aged >80 years e.g. >20% in Italy and typically this is the age group with the highest levels of deficiency
regardless of country. Recent reports have indicated that those residing at higher latitudes, or with darker skin
pigmentation (Black Asian Minority ethnics — BAME in UK) may be particularly affected by Covid-19%. BAME are also
at higher risk of obesity, pre-existing chronic disease (such as heart disease or diabetes) and vitamin D deficiency??2.
Importantly, it is already evident that there is a world-wide association between northern latitude and increased Covid-
19 mortality?3. Whilst there could be various explanations for this, it supports the hypothesis that sunlight exposure
and hence vitamin D status could be impacting on Covid-19 severity.

We hypothesize vitamin D plays a role in severity of responses to Covid-19 and the prevalence of vitamin D deficiency
in Europe will be closely aligned to Covid-19 mortality.

Methods

We conducted a literature search on PubMed (no language restriction) of vitamin D status (for older adults) in
countries/areas of Europe affected by Covid-19 infection. Countries were selected by severity of infection (high and
low) and were limited to national surveys or where not available, to geographic areas within the country affected by
infection (Italy, Spain, United Kingdom, France, Germany, Netherlands, Sweden, Ireland, Scotland, Portugal, Norway,
Finland (22-38). Papers were selected from 1999 onwards, when most measurements in older adults were available
in Europe. Covid-19 infection and mortality data was gathered from the World Health Organisation (for Scotland data
was sourced from Public Health England and the National Records Office Scotland)

Results are presented in Table 1 detailing for each country the total population (millions), the percentage aged >60
years and presence of vitamin D food fortification policy, vitamin D levels and Covid-19 mortality rates. As is the case
for vitamin D research, the majority of the studies used different methodologies for assessing vitamin D status and
many used different cut-points for deficiency status. Therefore, to standardise as much as possible we used the
commonly accepted thresholds of <25 nmol/L and <30 nmol/L as deficient status and low status is denoted as <50
nmol/L. Winter and summer values are also widely reported across papers and we have tried to average as much as
possible.



Results

Counter-intuitively, the lower latitude and typically ‘sunny’ countries such as Spain and Italy (particularly Northern
Italy), had low mean concentrations of 25(0OH)D and high rates of vitamin D deficiency. These countries have also been
experiencing the highest infection and death rates in Europe. The northern latitude countries (Norway, Finland,
Sweden) which receive less UVB sunlight than Southern Europe, actually had much higher mean 25(OH)D
concentrations, low levels of deficiency and for Norway and Finland, lower infection and death rates. Across the mid-
latitudes of Europe, mean 25(0OH)D is similar but with slight deviations. For instance, the mean level is slightly higher
in Ireland vs. Germany, UK or France and Ireland is also reporting lower rates of infection and deaths. Portugal appears
to be an outlier with a lower vitamin D status but also with lower rates of infection and mortality.

The calculated Covid-19 mortality rate (per million) from the selected countries was plotted against mean 25(0OH)D
concentrations in Figure 1. The correlation between 25(0OH)D concentration and mortality rate reached conventional

significance (P=0.046) by Spearman's Rank Correlation.

Table 1. Vitamin D status and Covid infection and mortality rates in UK and selected European countries?

COVID Infection COVID Deaths COVID death rate Country Vitamin D policy Area Age (yrs) n VitaminD  Notes Pop millions % >G5
135,586 17,129 281 Italy (24) No Parma >08 104 15 nmo/L Vitamin D so low - undetectable in 95% 61 23
Italy (25) No Tuscany/Chianti >G5 1,005 485nmol/lL Vitamin D also associated with frailty
Italy (26) No Milan area 41-80 570 457 nmol/L  38.5% deficient
Italy (27) No Across Country 60-80 700 27.2nmol/L  27% deficient
140,510 13,798 300 Spain (28) No Madrid area 47-66 171 33.5nmol/L  36% deficient 48 19
Spain (29) No Sabadell, Barcelona >64 237  43.0nmol/L  86% low vitamin D (<50 nmol/l)
Spain (30) No Cantabria >75 256 457 nmo/L  Deficiency worst with age
7,693 591 59.1 Sweden (31) Yes Umea and Lulea >G5 363 73.5nmo/L Deficiency rates decreased with age 10 20
5,863 69 13.2 Norway (32) No Northern Norway 60-69 879 67.7 nmol/lL <2% Deficient 52 17
2,308 34 6.2 Finland (33) Yes Nationally >B65 1140 657 nmol/L  <1% Deficient 54 22
55,246 6,159 93 United Kingdom (34) No Nationally >50 6004 48.7 nmol/lL  32.0% deficient >80 years 66 18
5,709 210 437 Ireland (35) No Nationally >50 5356 51.3nmol/l  46% >85 yrs deficient 4.8 14
4229 354 655 Scotland (36) No Aberdeen »55 518 28.0nmol/lL 26% deficient on average 54
103,228 1,861 22 Germany (37) No Nationally 60-79 1816 43.2 nmol/L  29.7% deficient on average 83 21
77,226 10,313 156 France (38) No Bordeaux, Dijon, Montpellier =65 897 35.9nmol/L  27.3% deficient on average 66 20
12,442 345 328 Portugal (39) No Nationwide cluster >G5 1500 423 nmol/L  39.6% deficient 10.5 22
19,580 2,101 124  Netherlands (40) No Nationally >B65 453  51.2nmol/lL  11% deficient on average 17 19

1 Covid-19 infection and mortality data from the World Health Organisation (For Scotland data was sourced from Public Health
England and the National Records Office Scotland). The population percentage aged >65 years was from the World Bank data
resource. Due to the nature of vitamin D studies, 25(0OH)D values have been measured by different methodologies and some have
been measured winter/summer though averages have been tried to be taken where possible. Covid-19 death rate calculated from
reported Covid deaths and country population

Figure 1. Calculated Covid-19 mortality rate and mean 25(0OH)D concentration
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Discussion

In this short report we observed that low 25(0OH)D concentrations appear to be associated with increased mortality
from Covid-19. Countries with a formal vitamin D fortification policy appear to have the lowest rates of infection whilst
countries with no policy and highest deficiency rates appear to be more adversely affected. This difference in Covid-
19 mortality by country has also been observed to form a North-South latitude gradient?. Observational reports have
also highlighted that Covid-19 infection and death rates appear to be higher in ethnic minority populations with darker
skin?® which research has shown to be at much higher risk of vitamin D deficiency?%?2.

Given the strong plausible hypothesis and evolving clinical studies supporting role for vitamin D and immune function
for Covid-19, these observations are of concern. Optimising vitamin D status to public health recommendations could
enhance immune response but will be a significant challenge for both the UK and Europe. Dietary intakes of the vitamin
D are low across the continent / UK* and few countries (apart from Sweden or Finland) have any formal mandatory
vitamin D food fortification policy. The Nordic countries also tend to have higher dietary intakes of vitamin D and their
higher vitamin D status reflects intakes from all sources and not just mandatory fortification. Ireland currently has a
‘voluntary vitamin D fortification policy’ and the higher 25(0OH)D concentration compared with the UK or Scotland
could be reflective of this but again Ireland is much lower compared to the Nordic countries. However, introducing
mandatory fortification of products (such as dairy) with vitamin D (as practiced in some Nordic countries) and
promoting an increased dietary intake of vitamin D rich foods is considered safe and has the potential to help virtually
eliminate deficiency in the population3*#2, This new policy would require formal Government approval and careful
modelling of the current level of vitamin D intake taking into account voluntary fortification and self-supplementation.
However, it could have significant benefits in terms of bone and musculoskeletal health (economically and socially)**
% in addition to the suggested immune health benefits. Moreover this is particularly timely given current lock-down
arrangements and government advice e.g. in UK to avoid sunbathing. In the interim strong public awareness campaigns
regarding vitamin D sources and supplementation are recommended.

Official vitamin D intake policy

Recommendations for vitamin D intakes for older adults by various public health agencies (the Institute of Medicine
(I0M) report (North American Health authority)?, the Scientific Advisory Committee on Nutrition (SACN) (United
Kingdom) report®, the Nordic Nutritional Recommendations (NNR) report (Nordic countries)*” and the European Food
Safety Authority (EFSA) report)*® are displayed in Table 2. For those with little sun exposure (housebound or confined)
the recommended daily intake is 10 -20 ug (400-800 International units per day). Due to inadequate intake in the diet
and lack of mandatory fortification in Europe and the United Kingdom (and confinement - lack of sunlight), a vitamin
D supplement maybe required to achieve these recommendations. Currently there is insufficient evidence that
suggests that higher intakes of vitamin D are required for extra-skeletal health. The optimum doses for Covid-19
protection are not known.

Table 2. Public health authority vitamin D intake recommendations

Recommended intake

Report Countr 25(OH)D cut-off Optimal for older adults with
P 4 for deficiency 25(OH)D little or no sunlight
exposure
Institute of Medicine (IOM) USA & Canada | <30 nmol/L 50 nmol/L 20 g daily

2011 report?

Scientific Advisory
Committee on Nutrition UK <25 nmol/L Not stated 10 ug daily
(SACN) 2016 report*®

Nordic Nutritional
Recommendations (NNR)
2012 report?’

EFSA 2016 report?® EU not stated >50 nmol/L 15 ug daily

Nordic

countries <25 nmol/L >50 mmol/L 15 g to 20 ug daily




Limitations

Interpretation of observational and cross-sectional data on vitamin D is hampered by the lack of formal set cut-off
points which denote deficiency across different countries and the method of vitamin D measurement which can over
or underestimate concentrations. Therefore some caution must be used in the interpretation of any analysis although
this is typical in vitamin D cross-country comparisons and we have adhered to deficiency cut-points applied in similar
analyses. Furthermore, there are also many more micronutrients which have been observed to have
immunomodulation effects (such as zinc, selenium, vitamin B6 etc.) which may also have a role in immune function in
Covid-19 infections which we did not examine as it was not the focus of this particular analysis. Moreover, the data on
Covid-19 infection rates country by country are difficult to interpret because of variation in testing. Finally, this work
is observational and maybe be confounded by a number of factors including the varied rate of infection in different
countries, different approaches to screening which alters prevalence rates, differences in demographics ie ageing
cohorts, and given the speed of the outbreak and infection, it is likely that other unknown factors will exist.

Conclusions

The circumstantial and experimental evidence suggests that vitamin D may have an important supportive role for the
immune system, particularly in regulating cytokine response to pathogens. Vitamin D levels are low in countries in
Europe which have high infection and mortality rates. Optimising vitamin D status to recommendations by national
and international public health agencies will certainly have benefits for bone health and potential benefits for Covid-
19. There is a strong plausible biological hypothesis and evolving epidemiological data supporting a role for vitamin D
in Covid-19. Ideally, results from randomized controlled trials are required to fully investigate the association.
However, these would have to be community-based, which would be impractical during lock-down, and there would
also likely be difficulty in persuading participants to risk taking a placebo vitamin. Observational studies correlating
vitamin D at time of hospital admission with subsequent outcome would be extremely valuable and should be urgently
pursued. In the meantime we recommend that more publicity be given to current guidelines for vitamin D dietary
intake and supplementation as denoted by the public health agencies in the USA, UK and Europe.

Declaration of Conflicts of Interest:
The authors have nothing to declare.

Corresponding Author:

Professor Rose Anne Kenny
Department of Medical Gerontology,
6" floor, Mercers Institute for Ageing,
St James Hospital,

Dublin 8,

Ireland.

Email: rkenny@tcd.ie

References:

1. Committee to Review Dietary Reference Intakes for Vitamin D and Calcium, Institute of Medicine. Dietary
Reference Intakes for Calcium and Vitamin D. Washington, DC: The National Academies Press; 2011.

2. Vanherwegen AS, Gysemans C, Mathieu. Regulation of immune function by vitamin D and its use in diseases of
immunity. Endocrinol Metab Clin. 2017 Dec 1;46:1061-1094.

3. Beard JA, Bearden A, Striker R (2011) Vitamin D and the antiviral state. J Clin Virol. 2011 Mar 1;50:194-200

4. DiRosa M, Malaguarnera M, Nicoletti F, Malaguarnera L. Vitamin D3: a helpful immuno-modulator. Immunology.
2011 Oct 1;134:123-139.

5. Wu D, Lewis ED, Pae M, Meydani SN. Nutritional modulation of immune function: analysis of evidence,
mechanisms, and clinical relevance. Frontiers in immunology. 2019 Jan 15;9:3160.

6. Zhang, Leung DY, Richers BN, Liu Y, Remigio LK, Riches DW, Goleva E. Vitamin D inhibits monocyte/macrophage
proinflammatory cytokine production by targeting MAPK phosphatase-1. J Immunol. 2012 Mar 1;88:2127-2135.



10.

11.

12.

13.

14.

15.

16.

17.
18.

19.
20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

McGonagle D, Sharif K, O’Regan A, Bridgewood C. The Role of Cytokines including Interleukin-6 in COVID-19
induced Pneumonia and Macrophage Activation Syndrome-Like Disease. Autoimmunity Reviews (In Press) April
2020.

Kong J, Zhu X, Shi Y, Liu T, Chen Y, Bhan |, Zhao Q, Thadhani R, Li YC.

Mol Endocrinol. 2013 Dec;2712:2116-25.

Laird E, McNulty H, Ward M, Hoey L, McSorley E, Wallace JM, Carson E, Molloy AM, Healy M, Casey MC,
Cunningham C. Vitamin D deficiency is associated with inflammation in older Irish adults. J Clin Endocrinol &
Metab. 2014 May 1;99:1807-1815.

Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C, Liu S, Zhao P, Liu H, Zhu L, Tai Y. Pathological findings of COVID-19
associated with acute respiratory distress syndrome. Lancet Respir Med. 2020 Apr 1;8(4):420-422.

Ginde AA, Mansbach JM, Camargo CA. Association between serum 25-hydroxyvitamin D level and upper
respiratory tract infection in the Third National Health and Nutrition Examination Survey. Arch Intern Med. 2009
Feb 23;169:384-390.

Jolliffe DA, Griffiths CJ, Martineau AR. Vitamin D in the prevention of acute respiratory infection: Systematic review
of clinical studies. J Steroid Biochem Mol Biol. 2013 Jul 1;136:321-329.

Bergman P, Norlin AC, Hansen S, Rekha RS, Agerberth B, Bjorkhem-Bergman L, Ekstrom L, Lindh JD, Andersson J.
Vitamin D3 supplementation in patients with frequent respiratory tract infections: a randomised and double-blind
intervention study. BMJ open. 2012 Jan 1;2:e001663.

Martineau AR, Jolliffe DA, Hooper RL, Greenberg L, Aloia JF, Bergman P, Dubnov-Raz G, Esposito S, Ganmaa D,
Ginde AA, Goodall EC. Vitamin D supplementation to prevent acute respiratory tract infections: systematic review
and meta-analysis of individual participant data. BMJ. 2017;356:i6583.

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 Sep 1;98:e17252.

Laird E, Kenny RA. Vitamin D deficiency in Ireland: Implications for COVID-19. Results from the Irish Longitudinal
Study on Ageing. April 4 2020. https://www.doi.org/10.38018/TildaRe.2020-05.

Pearce SH, Cheetham TD. Diagnosis and management of vitamin D deficiency. BMJ. 2010 Jan 11;340:b5664.
JiaX,Yin C, LuS, Chen Y, Liu Q, Bai J, Lu Y. Two Things about COVID-19 Might Need Attention. Preprints. 2020,
2020020315 (doi 10.20944/preprints202002.0315.v1)

Thornton J. Don’t forget chronic lung and immune conditions during covid-19, says WHO. BMJ. 2020;368:m1192
ICNARC report on COVID-19 in critical care. Accessed 07/04/2020. https://www.icharc.org/About/Latest-
News/2020/04/04/Report-On-2249-Patients-Critically-1lI-With-Covid-19

Laird E, O'Malley D, Crowley VE, Healy M. A high prevalence of vitamin D deficiency observed in the Dublin South
East Asian population. Proceedings of the Nutrition Society. 2018;77(OCE3).

Farrar MD, Kift R, Felton SJ, Berry JL, Durkin MT, Allan D, Vail A, Webb AR, Rhodes LE. Recommended summer
sunlight exposure amounts fail to produce sufficient vitamin D status in UK adults of South Asian origin. Am J Clin
Nutr. 2011 Nov 1;94:1219-1224.

Braiman Mark. Latitude Dependence of the COVID-19 Mortality Rate-A Possible Relationship to Vitamin D
Deficiency? SSRN. Mar 26; 3561958.

Pini G, Troiano L, Vescovini R, Sansoni P, Passeri M, Gueresi P, Delsignore R, Pedrazzoni M, Franceschi C (2003)
Low vitamin D status, high bone turnover, and bone fractures in centenarians. J Clin Endocrinol Metab Nov
1,88:5109-5115.

Shardell M, Hicks GE, Miller RR, Kritchevsky S, Andersen D, Bandinelli S, Cherubini A, Ferrucci L (2009) Association
of low vitamin D levels with the frailty syndrome in men and women. J Gerontol A Biol Sci Med Sci Jan 1; 64:69-
75.

Bettica P, Bevilacqua M, Vago T, Norbiato G. High prevalence of hypovitaminosis D among free-living
postmenopausal women referred to an osteoporosis outpatient clinic in northern Italy for initial screening.
Osteoporos Int. 1999 Mar 1; 9:226-229.

Isaia G, Giorgino R, Rini GB, Bevilacqua M, Maugeri D, Adami S. Prevalence of hypovitaminosis D in elderly women
in Italy: clinical consequences and risk factors. Osteoporos Int. 2003 Jul 1;14:577-582.

Aguado P, Del Campo MT, Garces MV, Gonzalez-Casaus ML, Bernad M, Gijon-Banos J, Mola EM, Torrijos A,
Martinez ME. Low vitamin D levels in outpatient postmenopausal women from a rheumatology clinic in Madrid,
Spain: their relationship with bone mineral density. Osteoporos Int. Sep1;11:739-744.

Almirall J, Vaqueiro M, Baré ML, Anton E. Association of low serum 25-hydroxyvitamin D levels and high arterial
blood pressure in the elderly. Nephrol Dial Transplant. 2010 Feb 1;25:503-509.

Olmos JM, Hernandez JL, Garcia-Velasco P, Martinez J, Llorca J, Gonzalez-Macias J. Serum 25-hydroxyvitamin D,
parathyroid hormone, calcium intake, and bone mineral density in Spanish adults. Osteoporos Int. 2016 Jan
1;27:105-113.



https://www.doi.org/10.38018/TildaRe.2020-05
https://www.icnarc.org/About/Latest-News/2020/04/04/Report-On-2249-Patients-Critically-Ill-With-Covid-19
https://www.icnarc.org/About/Latest-News/2020/04/04/Report-On-2249-Patients-Critically-Ill-With-Covid-19

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

Ramnemark A, Norberg M, Pettersson-Kymmer U, Eliasson M. Adequate vitamin D levels in a Swedish population
living above latitude 63 N: the 2009 Northern Sweden MONICA study. Int J Circumpolar Health. 2015 Jan
31;74:27963.

Petrenya N, Lamberg-Allardt C, Melhus M, Broderstad AR, Brustad M. Vitamin D status in a multi-ethnic population
of northern Norway: the SAMINOR 2 clinical survey. Public Health Nutr. 2019 Feb 15;15:1-5.

Jaaskeldinen T, Itkonen ST, Lundqvist A, Erkkola M, Koskela T, Lakkala K, Dowling KG, Hull GL, Kroger H, Karppinen
J, Kyllonen E. The positive impact of general vitamin D food fortification policy on vitamin D status in a
representative adult Finnish population: evidence from an 11-y follow-up based on standardized 25
hydroxyvitamin D data. Am J Clin Nutr 2017 Jun1;105:1512-1520.

Aspell N, Laird E, Healy M, Shannon T, Lawlor B, O’Sullivan M. The prevalence and determinants of vitamin D status
in community-dwelling older adults: results from the English Longitudinal Study of Ageing (ELSA). Nutrients. 2019
Jun 1;11:1253.

Laird E, O’Halloran AM, Carey D, Healy M, O’Connor D, Moore P, Shannon T, Molloy AM, Kenny RA. 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. 2018 Mar 14;73:519-525.

Macdonald HM, Mavroeidi A, Fraser WD, Darling AL, Black AJ, Aucott L, O’Neill F, Hart K, Berry JL, Lanham-New
SA, Reid DM. Sunlight and dietary contributions to the seasonal vitamin D status of cohorts of healthy
postmenopausal women living at northerly latitudes: a major cause for concern? Osteoporos Int. 2011 Sep
1;22:2461-2472.

Rabenberg M, Scheidt-Nave C, Busch MA, Rieckmann N, Hintzpeter B, Mensink GB. Vitamin D status among adults
in Germany-results from the German Health Interview and Examination Survey for Adults (DEGS1). BMC Public
health. 2015 Dec 1;15:641.

Cougnard-Grégoire A, Merle BM, Korobelnik JF, Rougier MB, Delyfer MN, Féart C, Le Goff M, Dartigues JF,
Barberger-Gateau P, Delcourt C. Vitamin D deficiency in community-dwelling elderly is not associated with age-
related macular degeneration. J Nutr. 2015 Aug 1;145:1865-1872.

Santos A, Amaral TF, Guerra RS, Sousa AS, Alvares L, Moreira P, Padrio P, Afonso C, Borges N. Vitamin D status
and associated factors among Portuguese older adults: results from the Nutrition UP 65 cross-sectional study. BMJ
open. 2017 Juni; 7(6).

Snijder MB, van Dam RM, Visser M, Deeg DJ, Dekker JM, Bouter LM, Seidell JC, Lips P. Adiposity in relation to
vitamin D status and parathyroid hormone levels: a population-based study in older men and women. J Clin
Endocrinol Metab. 2005 Jul 1; 90:4119-4123.

Lips P, Cashman KD, Lamberg-Allardt C, Bischoff-Ferrari HA, Obermayer-Pietsch B, Bianchi ML, Stepan J, Fuleihan
GE, Bouillon R. Current vitamin D status in European and Middle East countries and strategies to prevent vitamin
D deficiency: a position statement of the European Calcified Tissue Society. Eur J Endocrinol. 2019 Apr 1 180:P23-
54.

Itkonen ST, Andersen R, Bjork AK, Brugard Konde A, Eneroth H, Erkkola M, Holvik K, Madar AA, Meyer HE, Tetens
|, Torfaddttir JE. Vitamin D status and current policies to achieve adequate vitamin D intake in the Nordic countries.
Scand J Public Health. 2020 Jan 9:1403494819896878.

Aguiar M, Andronis L, Pallan M, Hogler W, Frew E. The economic case for prevention of population vitamin D
deficiency: a modelling study using data from England and Wales. EJCN 2019 Aug 20:1-9.

Sandmann A, Amling M, Barvencik F, Kénig HH, Bleibler F. Economic evaluation of vitamin D and calcium food
fortification for fracture prevention in Germany. Public health nutrition. 2017 Jul 1;20:1874-1883.

Hiligsmann M, Reginster JY. The projected public health and economic impact of vitamin D fortified dairy products
for fracture prevention in France. Expert review of pharmacoeconomics & outcomes research. 2018 Mar 4;18:191-
195.

Scientific Advisory Committee on Nutrition. Vitamin D and Health. 2016;2016.

Secretary of the Nordic Council of Ministers, Nordic Council of Ministers. Nordic Nutrition Rcommendations:
Integrating nutrition and physical activity. 2014.

EFSA Panel on Dietetic Products NaAN. Dietary reference values for vitamin D. 2016.



