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Abstract

Purpose The goal of this review is to provide an update in the field of vitamin D, in particular, the role of vitamin D in non-
skeletal health, the complexity of providing patient guidance regarding obtaining sufficient vitamin D, and the possible involve-
ment of vitamin D in morbidity and mortality due to SARS-CoV-2 (COVID-19).

Recent Findings In addition to bone health, vitamin D may play a role in innate immunity, cardiovascular disease, and asthma.
Although rickets is often regarded as an historical disease of the early twentieth century, it appears to be making a comeback
worldwide, including “first-world” countries. Broad-spectrum sunscreens (with high UVA filters) that prevent erythema are
unlikely to compromise vitamin D status in healthy populations.

Summary New attention is now focused on the role of vitamin D in a variety of diseases, and more individualized patient
recommendation schemes are being considered that take into account more realistic and achievable goals for achieving sufficient

vitamin D through diet, supplements, and sun behavior.

Keywords Vitamin D - Pigmentation - Ultraviolet light - Rickets - Osteomalacia - Sunscreen

Introduction

In the last 10 years, over 41,000 peer-reviewed research stud-
ies have been published on vitamin D, and since its original
discovery as a sunlight-generated factor important to bone
health, a more complex story of vitamin D has continued to
evolve. Vitamin D, technically not a vitamin, has been linked
not just to rickets in children and osteomalacia in adults, but
also has been suggested to play a role in diabetes, celiac dis-
ease, asthma, atopic dermatitis, tuberculosis, and, most recent-
ly, COVID-19. This review will briefly summarize fundamen-
tal, well-established aspects of vitamin D and human health
and then will also discuss (a) some of the most recent work
related to vitamin D and non-skeletal-associated health issues;
(b) the complexity of establishing meaningful vitamin D mea-
surement metrics and assessing vitamin D status; c)decision-
making for obtaining vitamin D through diet, supplements, or
sun exposure; (d) the impact of skin type, pigmentation, and
sunscreen on vitamin D levels; and (e) evidence for a potential
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influence of vitamin D on the mortality and morbidity of
COVID-19 through modulation of the pro-inflammatory cy-
tokine response and respiratory response to the virus.

Vitamin D Basics

Some would urge us to move away from the nomenclature of
vitamin D as a vitamin and, instead, acknowledge that vitamin
D3 is a prohormone produced in skin through ultraviolet irra-
diation of 7-dehydrocholesterol (7DHC or provitamin D3)
[1e]. This previtamin D3 is biologically inert and must under-
go thermal isomerization and two hydroxylations. The first
hydroxylation occurs in the liver and converts vitamin D to
25-hydroxyvitamin D [25(OH)D], also known as calcidiol.
Physiologically active 1,25-dihydroxyvitamin D
[1,25(0OH)2D], or calcitriol, is then synthesized primarily in
the kidney.

The importance of vitamin D for calcium absorption and
bone health is undisputed [2, 3]. The classic function of vita-
min D is to promote calcium absorption in the gut and main-
tain adequate serum calcium and phosphate concentrations
necessary for normal mineralization of bone. Rickets in chil-
dren and osteomalacia in adults results from insufficient vita-
min D [I¢]. Together with calcium, vitamin D helps protect
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older adults from osteoporosis. There is strong, consistent ev-
idence supporting the role of vitamin D in childhood bone
health, although most studies have been done in a limited
range of skin types, as exemplified in a very recent report
showing that high-dose vitamin D supplementation during
pregnancy improved bone health in children [4]. In this case,
all participants were white and Danish.

Globally, rickets and vitamin D deficiency remain a signif-
icant public health problem even in highly developed coun-
tries [5e¢], despite much research and many government and
nongovernmentally funded programs. In Europe, little vitamin
D is made endogenously in the skin of individuals during the
winter months [1¢], and yet vitamin D fortification of foods is
largely absent. In the view of many scientists in the vitamin D
field, the recommended dietary allowance is too low.
Recommendations for vitamin D3 at 2000 IU/day are being
considered, an intake which should be safe and remain below
toxic levels [1¢]. Factors contributing to a modern “third
wave” of rickets have been reviewed recently [5¢¢] from pro-
spective surveillance studies of vitamin D deficiency rickets in
Australia, Canada, and New Zealand, as well as multiple ret-
rospective studies from across the globe. In part, this third
wave is believed to be caused by reduced UVB exposure
due to sun avoidance (sunscreen, clothing, cultural behavior)
and a shift toward indoor work.

Malabsorption syndromes such as celiac disease, short
bowel syndrome, gastric bypass, and cystic fibrosis can trigger
vitamin D deficiency [6]. Medications such as phenobarbital,
carbamazepine, dexamethasone, nifedipine, spironolactone,
clotrimazole, and rifampin induce hepatic p450 enzymes
which can accelerate the degradation of vitamin D and thereby
lead to vitamin D deficiency. Chronic liver disease and chron-
ic kidney disease increase the risk for vitamin D deficiency
due to the dependence on these organs for vitamin D activa-
tion. The prevalence of patients with vitamin D deficiency is
highest in the elderly, obese, nursing home residents, and hos-
pitalized patients [6]. The issue of vitamin D deficiency in
populations who have higher melanin content and/or use ex-
tensive skin coverage will be discussed separately.

According to the NIH, serum concentration of 25(OH)D is
the best indicator of vitamin D status. It reflects total vitamin
D produced cutaneously as well as obtained through food and
supplements and has a fairly long circulating half-life of
15 days. 25(OH)D functions as a biomarker of exposure, but
it is not clear to what extent 25(OH)D levels also serve as a
biomarker of physiological disease or more subtle conditions
or indicate the amount of vitamin D stored in body tissues
(primarily adipose tissue). In contrast to 25(OH)D, circulating
1,25(OH)2D is not a good indicator of vitamin D status.
Levels of 1,25(0OH)2D do not typically decrease until vitamin
D deficiency is severe. Table 1 shows the current serum con-
centrations and interpretations from the Institute of Medicine
[7<]. In addition, because the two test protocols used to measure
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25(0OH)D show some variability among laboratories that con-
duct the analyses, a standard reference material for 25(OH)D
was developed to improve confidence in the result [8].

Although from Table 1 it would appear that there exists one
set of ideal values for serum vitamin D, the situation is some-
what more complex. A slightly alternate rule of thumb is the
following [6]: levels of 25(OH)D less than 20 ng/mL indicate
vitamin D deficiency, while levels below 30 ng/mL indicate
vitamin D insufficiency. Levels of 25(OH)D between 30 and
50 ng/mL are generally regarded to be optimal levels; howev-
er, a number of variables, including race and age, add com-
plexity [6]. A more thorough discussion of vitamin D assay
standardization and recommendation guidelines is provided
by Sempos and Binkley [9]. In any case, the categories of
vitamin D sufficiency or deficiency are based on the classic
function of vitamin D, bone health. Again, based on bone
health parameters, vitamin D levels can also be referred to as
deficient, insufficient, sufficient, or optimal vitamin D status.
The severity of vitamin D deficiency is divided into mild,
moderate, and severe. But what about other conditions for
which vitamin D may have some modifying actions? There
are numerous and conflicting studies that suggest that there
may be an association between vitamin D deficiency and can-
cer, cardiovascular disease, diabetes, autoimmune diseases,
asthma, atopic dermatitis, and depression. If indeed, vitamin
D status is a modifying factor for these health issues, and it
cannot be assumed that the ideal 25(OH)D serum values for
prevention of rickets and osteomalacia would prevent or mod-
ify these other diseases.

Extra-Skeletal Functions of Vitamin D

It is now recognized that many cells in the body express vita-
min D receptors (VDR) which modulate cell proliferation,
differentiation, and apoptosis and also regulate gene expres-
sion associated with modulation of cell growth, neuromuscu-
lar and immune function, and inflammation and may help
regulate antimicrobial peptides [10ee—14]. Several cells in-
volved in immune function express VDR and CYP27B1,
which suggests that the active form of vitamin D,
1,25(0OH)2D, may control immune function at different levels
[10ee]. Vitamin D is known to regulate parathyroid growth
and parathyroid hormone production; it plays a role in the islet
cells of the pancreas and may help in suppression of certain
autoimmune diseases and some cancers. There are many sug-
gestions that deficiencies in vitamin D levels are linked to
conditions such as rheumatoid arthritis, multiple sclerosis,
Alzheimer’s disease, and schizophrenia (for reviews, see
[10Oee, 139°]). Prospective studies have reported inverse corre-
lations between 25(OH)D serum levels and cardiovascular
disease, serum lipids, inflammation, disorders of glucose me-
tabolism, weight gain, mood disorders, declining cognitive
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Table 1 Serum 25-

Health status

Associated with vitamin D deficiency, leading to rickets in infants and children and

osteomalacia in adults

Hydroxyvitamin D [25(OH)D] nmol/L**  ng/mL*

concentrations and health*. From

[7¢] <30 <12
30to 50 12 t0 20
>50 >20
>125 >50

Generally considered inadequate for bone and overall health in healthy individuals
Generally considered adequate for bone and overall health in healthy individuals
Emerging evidence links potential adverse effects to such high levels, particularly

> 150 nmol/L (> 60 ng/mL)

*Serum concentrations of 25(OH)D are reported in both nanomoles per liter (nmol/L) and nanograms per milli-

liter (ng/mL)
**] nmol/L =0.4 ng/mL

function, and Alzheimer’s disease. However, no effect of vi-
tamin D supplementation has been demonstrated for these
outcomes, so the proximal relationship could be genetic, cul-
tural behavior, or other confounding. First suggested over
30 years ago, vitamin D is now often referred to as a “well-
known” regulator of innate immunity [10e¢]. The apparent
mechanism for this is vitamin D enhancement of defensin
32 and cathelicidin antimicrobial peptide (CAMP) produc-
tion, increasing their antimicrobial activity [15]. A thorough
review of vitamin D’s regulatory function in both innate
and acquired immunity can be found in Wei and
Christakos [15]. The biologically active form of vitamin
D, 1,25(0H)2D, modulates innate and adaptive immunity
via regulation of at least 15 genes by the VDR [16].
1,25(0OH)2D upregulates CAMP not only in monocytes/
macrophages but also in other cells participating in the
innate immune system. That said, there are insufficient
data at this time to recommend any specific vitamin D
dosage or treatment regimen for asthma, autoimmune dis-
eases, multiple sclerosis, or other conditions.

There is confusing and sometimes contradictory evi-
dence for the therapeutic use of vitamin D to treat non-
skeletal conditions. For example, although treatment with
1,25(0OH)2D was shown to be effective in reducing re-
spiratory infections in asthma patients, and suboptimal
serum 25(OH)D in childhood may have adverse effects
on tuberculosis and asthma, vitamin D supplementation
in pregnancy does not appear to prevent school-age asth-
ma [17]. In a study on vitamin D levels and susceptibil-
ity to asthma and atopic dermatitis, no evidence was
found for genetically determined low 25(OH)D levels
to be linked to an increased risk of either conditions
[18]. Initial reports indicate that vitamin D and omega-
3 supplements failed to reduce risk of cancer or heart
events in a 5-year trial of nearly 26,000 healthy US
adults [19]. This is, in part, why there is currently active
discussion over both the recommended levels of vitamin
D as well as the testing methods used to assess adequacy
for health and prevention of diseases.

Vitamin D Intake Recommendations,
Evaluation of Sufficiency, and Sun Exposure

Recommendations for optimum vitamin D levels, for
obtaining a healthy level of vitamin D and even for
assessment methods, are currently not uniform across
the globe. To some extent, this is because relevant fac-
tors vary: vitamin D food fortification regulations, the
strength of ambient ultraviolet radiation (UVR), levels
of smog, culture and ethnicity, skin phototype, chrono-
logical age, and ease and accuracy of specific clinical
laboratory measurements. For example, some geographic
regions with strong sun have a very high prevalence of
rickets [20]. The American Academy of Dermatology
(AAD) is regarded as a primary resource for good prac-
tice in the field of skin health and related medical spe-
cialties. The AAD position statement on vitamin D can
be accessed online [21] and lists the recommended die-
tary allowance (RDA) and the upper limit values for
both calcium and vitamin D intake that should cover
“97.5% of the normal healthy population.” The opti-
mum vitamin D intake varies by age: for children under
1 year, the RDA is 400 IU/day; between 1 year and
70 years, the RDA is 600 IU/day; and for people over
70, the RDA is 800 IU/day. These RDA guidelines are
based on AAD guidelines that promote minimal or no
sun exposure primarily due to the risk of skin cancer
associated with sun exposure. The American Cancer
Society also does not support increasing vitamin D
levels through sun exposure. The Cancer Council of
Australia has slightly eased its sun protection message
concerning sunscreen, outdoor clothing, and hats.
Protection from the sun is currently recommended by
the World Health Organization when the UVR index
is >3 [22]. In general, the paradigm accepted is that
an initial linear dose-response relationship exists between
exposure to UV radiation and change in concentration of
25(0OH)D, followed by a plateau with continuing exposures
over a longer period of time.
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Because UVR from the sun and tanning beds can lead to
the development of skin cancer, sun exposure (natural) or
indoor tanning (artificial) is strongly discouraged. Instead, it
is recommended that vitamin D be supplied from a “healthy
diet,” which includes naturally enriched vitamin D foods, for-
tified foods and beverages, and/or vitamin supplements while
practicing sun protection. Unfortunately, it is almost impossi-
ble to achieve a satisfactory vitamin D intake from diet alone,
since it is found at significant levels in only a few commonly
consumed foods. Fat-soluble molecule is found almost exclu-
sively in oily fish such as salmon, sardines, herring and mack-
erel, liver, egg yolks, and fortified foods. Since dietary sources
are unlikely to be sufficient, especially for vegetarians and
vegans, supplements are necessary to obtain the RDA. The
US Department of Agriculture’s (USDA’s) websites (https:/
fdc.nal.usda.gov/index.html.) can be searched for
recommended healthy eating guidelines, the nutrient content
of many foods, and a list of foods containing vitamin D. In
contrast, one comprehensive review [6] concluded that 30 min
of sunshine daily with over 40% of skin surface area is
required to prevent vitamin D deficiency (although surface
area numbers seem to vary greatly). The difficulty of
promulgating simple blanket recommendations as pathways
to optimal vitamin D status is well described by Macdonald
et al. [23]. This same reference describes a survey of multiple
ethnic groups which demonstrated the difficulty (if not
impossibility) of reaching optimal vitamin D levels if no sun
exposure is considered safe. Most women would find it almost
impossible to achieve satisfactory vitamin D status if they had
to rely on their current diets. Other measures including
fortification of additional foods may have to be considered.
Several different vitamin D fortification programs have been
initiated across the globe [24].

In contrast to the AAD guidelines that advise against any sun
exposure, recommendations from the National Health Service of
the UK [25] states this: “From about late March/early April to the
end of September, most people should be able to get all the
vitamin D we need from sunlight.” Clearly, one issue that is
immediately apparent is the seasonality of vitamin D levels in
certain latitudes. This brings up other key questions in the world
of vitamin D. Is there such a thing as “sensible” sun exposure?
Are vitamin D guidelines a “one size fits all” or should they be
more nuanced to respect the range of human pigmentation and
culture? For example, the recommendations and sufficiency
numbers do not take into account an almost complete lack of
data from Africa and South America [13¢¢]. One recent editorial
goes so far as to say that “vitamin D guidelines development is in
a state of paralysis” due to a lack of agreement on the parameters
for the terms insufficiency, sufficiency, and toxicity based on
25(OH)D concentrations [9]. Further, the commentary urges that
a set of recommendations based on work of the Vitamin D
Standardization Program (VDSP) paves the way for develop-
ment of rational universal vitamin D status guidelines.
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Although it is believed that most vitamin D (about 80%) is
acquired from solar exposure, sunscreen use is an important
tool in prevention of skin cancer and is strongly recommended
by the dermatology community. UVB wavelengths (280—
320 nm) are absorbed by DNA and result in direct damage
in the form of cyclobutane pyrimidine dimers (CPDs) and
other mutagenic events that ultimately lead to nonmelanoma
skin cancer and melanoma. UVA wavelengths (320400 nm)
generate oxidative stress which is associated primarily with
photoaging but can also promote skin cancer. Unfortunately,
the same UVB wavelengths absorbed by DNA and that cause
DNA mutations are also those that induce photoconversion of
7-dehydrocholesterol, to previtamin D3. One of the most im-
portant questions to ask then, with regard to the issue of sun
avoidance and vitamin D, is directed toward the balance be-
tween (a) sunscreen use and UVR generation of vitamin D and
(b) the efficacy of sunscreen to prevent UVR-induced DNA
damage. A consensus review published in 2019 [26] conclud-
ed that broad-spectrum sunscreens (with high UVA filters)
that prevent erythema are unlikely to compromise vitamin D
status in healthy populations and that daily and recreational
photoprotection does not compromise vitamin D synthesis.
Vitamin D screening should be used to monitor patients with
photosensitivity disorders, who require the most rigorous
photoprotection combined with vitamin D supplements
[27¢¢]. Improved vitamin D status by UVR is always associ-
ated with the possibility of higher DNA damage and skin
cancers; however, production of vitamin D may be optimized
and skin DNA damage minimized, by increasing the body
surface area exposed and decreasing the UVB dose per unit
area [13e°].

One group has examined the relationship between sun-
screen use and vitamin D production in some detail [26,
28, 29]. A study of sunscreen use in Polish volunteers on
vacation in Tenerife had both interventional and observational
groups and was able to monitor the effect of two SPF 15
sunscreens over 1 week [26, 29]. One sunscreen had a high
UVA protection factor (UVA-PF), while the second had low
UVA protection. The authors were able to make the important
conclusion that sunscreens may be used to prevent sunburn
yet allow vitamin D synthesis, although with the caveat that
the absence of sunburn does not necessarily mean the absence
of DNA mutations [30]. However, concern about unrepaired
mutagenic DNA lesions should be tempered by evidence that
efficient repair occurs within 12 to 48 h, although there is
significant individual variation in this ability [30]. In the
Tenerife study, both high UVA and low UVA sunscreens
prevented sunburn, but subjects using the high UVA sun-
screen had higher levels of serum 25(OH)D at the conclusion
of the study. These findings were attributed to the fact that
high UVA sunscreen allows transmission of more UVB than
low UVA sunscreen. Another very important study on sun
exposure and vitamin D levels followed Polish children over
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12 days at a Baltic Sea summer camp [31]. Relatively low
daily UV radiation doses resulted in a modest but significant
improvement in 25(OH)D (24%) but a very much greater
increase in CPD (1162%). DNA damage was worse in skin
types I/IL. This conundrum is reflected in a recent global con-
sensus on rickets prevention that was unable to recommend a
safe UVR exposure level to enhance vitamin D status [32].

It has been argued, following in vitro assays, that vitamin D
itself reduces the risk of skin cancer by several mechanisms
[33-35]. Under laboratory conditions, DNA photolesions can
be reduced in irradiated skin cells treated with 1,25(OH)2D.
One mechanism for this may relate to the increases in p53 and
nucleotide excision repair observed within hours after UVR
exposure in keratinocytes and melanocytes treated with
1,25(0H)2D (1 or 10 nM) or vitamin D analogs. There was
a corresponding reduction in CPDs in UV-irradiated skin cells
treated with vitamin D compounds. The indirect DNA damage
and the reduction in DNA repair that is normally caused by
nitric oxide products may also be reduced by vitamin D com-
pounds. A group in Cleveland reported data from an explor-
atory study in which high oral doses of vitamin D3 resulted in
a sustained reduction in skin redness after experimental sun-
burn, as well as less epidermal structural damage, reduced
expression of pro-inflammatory markers in the skin, and a
gene expression profile characterized by upregulation of skin
barrier repair genes [11].

Vitamin D and Skin of Color

One barrier to establishing recommendations for sensible sun
exposure is the impact of human skin pigmentation and ge-
netic polymorphisms on the response to UVR. These are still
largely unknown variables. A careful literature review of vi-
tamin D and the impact of pigmentation was published in
2015 [36°] and noted that a better understanding of how and
how much melanin influences vitamin D photosynthesis is
critical to meaningful public health messages. The research
is difficult to integrate due to variations in study methodology,
including the source, dose and frequency of UV irradiation,
phototype classification, measurement methods for vitamin D,
and the lack of information on relevant genetic polymor-
phisms. However, on balance, the review team concluded that
more highly pigmented skin has less effective
photoproduction of vitamin D and 25-hydroxyvitamin D.
The ratio of sun exposure to pigmentation level to achieve
vitamin D sufficiency remains uncertain.

A recent 4-week study of 71 school children [37] con-
trolled for time spent outdoors and assessed the contribution
of clothing coverage, initial vitamin D levels, skin color, and
other variables to the serum vitamin D levels at the conclusion
of'the study. The subjects were Fitzpatrick skin phototypes IV
and V with a range of melanin levels. For all subjects, there

was a significant increase in serum 25(OH)D at the conclusion
of the study compared with baseline, and a greater increase in
serum vitamin D was seen in children with the lowest initial
values. Melanin levels were inversely correlated with the in-
crease in vitamin D levels. In a study of racially diverse chil-
dren in Boston, most of the variability in 25(OH)D was cor-
related with constitutive skin color [38].

The correlation between skin color and serum levels of
25(0OH)D is usually attributed to the photoprotective properties
of melanin. However, there may be additional variables in play
which may influence the ultimate health consequences. In a re-
cent study, black Americans (n = 2085) had lower concentrations
of 25 (OH)D, but also lower concentrations of vitamin D binding
protein, than white Americans. The consequence of this was
similar (calculated) levels of bioavailable 25(OH)D. This may
explain why people of color with low total 25(OH)D had a
higher average bone mineral density than the white group with
similar 25(OH)D concentrations. Furthermore, it may imply that
bone health is more accurately reflected by the concentration of
bioavailable, rather than total, 25(OH)D.

Taken together, the limited data available suggests that
there should be some caution about attributing the observed
lower levels of vitamin D in skin of color (SOC) simply to a
blocking effect of melanin. A very recent rigorously per-
formed and analyzed study was just published that indicates
melanin to have less impact on vitamin D levels than previ-
ously thought, possibly due to the spatial positions of melanin
and 7-dehydrocholesterol in human skin [39+¢]. A brief review
of confounding related to the question of pigment, UVR-
related skin cancers, and serum vitamin D levels can also be
found in a 2015 review [13e¢].

The Role of Vitamin D as a Possible Modulator
of Susceptibility, Morbidity, and Mortality
in SARS-CoV-2 (COVID-19)

That vitamin D should play a role in COVID-19 is not unex-
pected, since there has been believed to be a link between
vitamin D deficiency and respiratory disease for over
100 years. Observational studies have reported independent
associations between low serum concentration of 25-
hydroxyvitamin D and susceptibility to acute respiratory tract
infections [40]. Vitamin D deficiency is associated with an
increased risk of the acute respiratory distress syndrome
(ARDS), intensive care admission, and mortality in patients
with pneumonia [41]. In a systematic review and meta-
analysis of 25 randomized controlled studies, Martineau
et al. found that vitamin D protected against acute respiratory
tract infection overall [42]. Patients who were severely vita-
min D deficient experienced the most benefit. Subgroup anal-
ysis revealed that daily or weekly vitamin D supplementation
without additional bolus doses protected against acute
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respiratory tract infection, whereas regimens containing large
bolus doses did not. Among those receiving daily or weekly
vitamin D, protective effects were strongest in those with pro-
found vitamin D deficiency at baseline, although those with
higher baseline 25-hydroxyvitamin D concentrations also ex-
perienced benefit. The interaction of vitamin D status and
susceptibility to SARS-CoV-2 is currently being investigated
[43—450e].

Most immune cells express the VDR and actively convert
25(OH)D into 1,25(0OH)2D, its active form. VDR signaling
has a suppressive role on autoimmunity and an anti-
inflammatory effect, promoting dendritic cell and regulatory
T cell differentiation and reducing Th 17 cell response and
inflammatory cytokine secretion (with relevance to the
COVID-19 induced cytokine storm). Also mentioned earlier,
vitamin D is thought to have a regulatory effect on innate
immunity. There is no general consensus on the desired level
of 25(OH)D to achieve immunomodulatory effects; thus,
there is no current indication for vitamin D supplementation
in specific infections and/or autoimmune diseases. However,
Dr. Anthony Fauci, director of the National Institute of
Allergy and Infectious Diseases, in a recent interview by
JAMA, agreed that “if you are vitamin D deficient, you might
have a poor outcome or a greater chance of getting into trouble
with an infection” (JAMA Medical News & Perspectives,
June 8, 2020). The most vulnerable group with respect to
COVID-19, the aging population, also has a high proportion
of individuals with deficient vitamin D levels. Further studies
have been both proposed (at least one clinical trial is registered
with the NIH) and initiated to clarify the contribution of vita-
min D levels to susceptibility and the severity of response to
COVID-19 as well as the use of vitamin D supplementation as
a possible therapeutic agent [43ee—45¢¢].

Conclusions

Vitamin D deficiency is a major global public health issue
with vitamin D deficiency rickets at significant levels even
in highly developed countries. About 1 billion people world-
wide have vitamin D deficiency, while 50% of the population
has vitamin D insufficiency. The fact that exposure of the skin
to UVB radiation, wavelengths that cause mutations in the
DNA of epidermal cells, is also the source of vitamin D is
problematic. Can the average person finely calibrate 0.2 min-
imal erythema dose, the point at which vitamin D synthesis
occurs without perceptible DNA damage? For relevant non-
skeletal conditions or diseases such as multiple sclerosis,
Alzheimer’s disease, or even ARDS, it is unknown whether
low vitamin D status causes the disease or the disease causes
the low vitamin D status. Communication with patients about
vitamin D calls for judgment and individualization in patient
care, including more nuanced advice about sun exposure.
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