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ABSTRACT

Vitamin D is a group of fat-soluble secosteroidsresponsiblefor increasing intestinal
absorption of calcium, magnesium, and phosphate, and many other biological effects. In
humans,the most important compoundsin this group are vitamin D3 (also known as
cholecalciferol) and vitami2 (ergocalciferol). The major natural source of the vitamin is
synthesis of cholecalciferol in the lower layers of skin epidermis through a chemical reaction
that is dependenton sun exposure (specifically UVB radiation). Cholecalciferol and
ergocalciferbcan be ingested from the diet and from supplements. Only a few foods, such as
the flesh of fatty fish, naturally contain significant amountsof vitamin D. In the U.S. and

other countries, cow's milk and plasrived milk substitutes are fortified withtamin D, as

are many breakfast cereals. Mushrooms exposed to ultraviolet light contribute useful amounts
of vitamin D. Dietary recommendations typically assume that all of a person's vitamin D is
taken by mouth, as sun exposure in the population isbla@ad recommendations about the
amount of sun exposure that is safe are uncertain in view of the skin cancer risk. Vitamin D
from the diet, or from skin synthesis, is biologically inactive. It is activated by two protein
enzyme hydroxylation steps, thest in the liver and the second in the kidneys. As vitamin D
can be synthesized in adequate amounts by most mammals if exposed to sufficient sunlight, it
is not essential, so technically not a vitamin. Instead, it can be considered a hormone, with
activaton of the vitamin D prdiormone resulting in the active form, calcitriol, which then
produceseffects viaa nuclearreceptor ilmultiple locations.
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INTRODUCTION

Vitamin D has a significant role in calcium
homeostasis and metabolism. Its discovery was due
to effort to find the dietary substance lacking in
children with rickets (the childhood form of

The effect of vitamin D supplemention on
mortality is not clear, with one metaanalysis
finding a small decreasein mortality in elderly
people, and another concluding no clear
justification exists for recommending
supplementation for preventing many dissasad
that further research afmilar design is not needed
in these areas. Several forms (vitamers) of vitamin
D exist. The twomajor forms are vitamin P or
ergocalciferol,and vitamin D3 or cholecalciferol.
Vitamin D without a subscript refers &ither 2 or

D3, or both, and is knen collectively as calciferol.
Vitamin D2 was chemically characterized in 1931.
In 1935, the chemicalstructureof vitamin D3 was
H3Cl.,,. i’
CH

HO™

Figure-1: Five-point protection overshootsfrom nature

osteomalacia). Vitamin D supplements are giten
treat or to prevent osteomalacia arckets. The
evidence for other health effects of vitamin D
supplementationin the general population is
inconsistent!

defined and shown to result from the ultraviolet
irradiation of 7-dehydrocholesterolA chemical
nomenclature for vitamin D forms was
recommended in 1981but alternative names remain
in common use. Chemically, the various forms of
vitamin D are secosteroidsthat is, steroids in
which one of the bondsin the steroid rings is
broken. Thestructural difference between vitamin
D2 and vitamin D3 is in the sidechain, which
containsa doublebond, between carbon22 and
23, and a methyl group on carbon 24 in vitamin
D2. Many vitamin D analogues have been
synthesized

Figure-2: Vitamin D Chemical Structure [Ergocalciferol & Calcitriol ]

Biology: The active vitamin D metabolite calcitriol
mediatests biologicaleffects by binding tthe
vitamin D receptor (VDR), which is principally
located in the nuclei of target cells. Thimding of
calcitriol to the VDR allows the VDR to actasa
transcription factor that modulates the gene
expression oftransport proteins such as TRPV6
and calbindin), which are involved in calcium
absorption in the intestine. Thitamin D receptor
belongs to the nuclearreceptor superfamily of
steroid/thyréd hormonereceptors,and VDRs are
expressed by cells in most orgamsgluding the
brain, heart, skin, gonads, prostate,and breast.
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VDR activationin the intestine,bone,kidney, and
parathyroidgland cells leadsto the maintenance of
calcium and phosphios levels inthe blood (with
the assistance of parathyroid hormone and
calcitonin) and to the maintenancebafnecontent.
One of the most important roles wtamin D is to
maintain skeletal calcium balanceby promoting
calcium absorption inthe intestires, promoting
bone resorption by increasing osteoclast
number, maintaining calciurand phosphatdevels
for bone formation, and allowing proper
functioning of parathyroid hormone to maintain
serum calcium levels. Vitamin D deficiency can
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result in lower bone mineral density and an
increased risk of reduced bone density
(osteoporosispr bonefracture because a lack of
vitamin D alters mineraimetabolism in the body.
Thus, vitamin D is alsaritical for bone remodeling
through its role as gotent stimulator of bone
resorption. The VDR regulates cellproliferation
and differentiation.Vitamin D also affects the
immune system, and VDRs are expressed in
several white blood celléncluding monocytes and

activated T and Bcells. In vitro, vitamin D
increasesexpressionof the tyrosinehydroxylase
gene in adrenalmedullary cells,and affects the
synthesis of neurotrophic factors, nitric oxide
synthase, and glutathione. Vitamin D receptor
expressiordecreasewith ageandfindings suggest
that vitamin D is directly related to muscle
strength,mass and function, all beingnportant
factors to arathlete'performance?

Types
Name Chemical composition Structure
Vitamin D1
Mixture of molecularcompounds
of ergocalciferowith lumisterol,1:1
HO"
(3S,52,7E,22Ep,10secoergostd,7,10(19),22
tetraen3-ol (3S,9R,10S,13R,14R,17R)/-[(E,2R,5R}5,6-
Dimethylhept3-en-2-yl]-10,13dimethy}
2,3,4,9,11,12,14,15,16,4decahydrel H-
cyclopenta[a]phenanthregiol
Vitamin D2
ergocalcifero(madefrom ergosterol)
HO™
(3S,5Z,7E,22Ep,10secoergostd,7,10(19),22
tetraen3-ol
Vitamin D3 |cholecalciferol

(made from 7-dehydrocholesteroln
theskin).

HO"
(3S,57,7E)9,10secocholests,7,10(19trien-3-ol

161
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Vitamin D4 [22-dihydroergocalciferol

Ho™

(1S,32}3-[(2E)-2-[(1R,3aS,7aRL-[(2R,5S}5,6-
dimethylhept2-yl]-7amethy}2,3,3a,5,6,#hexahydrelH-
inden4-ylidene]ethylideneld- methylidenecyclohexaft-ol

sitocalciferol

Vitamin D5 |(madefrom 7-dehydrositosterol)

(1S,32)3-[(2E)-2-[(1R,3aS,7aR)L-[(1R,4S}4-ethy}l1,5
dimethylhexyl}7amethyt2,3,3a,5,6,#/hexahydre 1H-inden
4-ylidene]ethylidene}j-methylenel- cyclohexanol

Table-1: Secosteroids

Deficiency: An estimated one billion people
worldwide are either vitamin D insufficient or
deficient. Vitamin D deficiency iswidespreadin

the European population. A diet withsufficient
vitamin D in conjunction with inadequatesun
exposure causes vitamin D deficiency. Severe
vitamin D deficiency in children causes ricketl
softening and weakening of bones, which is a rare
disease in the developed world. Vitamin D
deficiency is found worldwide in the elderly and
remains common in children and adults. Deficiency
results in impaired bone mineralization and bone
damagewhich leads to bonesoftening diseases,
including rickets in children and osteomalacia in
adults. Lowblood calcifediol (28hydroxy-vitamin

D) can result from avoiding the sun. Being
deficient in vitamin D can cause intestinal
absorption of dietary calcium fall to 15%. When

not deficient, an individual usually absorbs
betweer60 and80%.

Bonehealth

Rickets: Rickets, a childhood disease, is

characterized by impeded growth and soft, weak,

deformed long bones that bend and bow under their

weight as childrentart to walk. Rickets typically

162

appearsbetween3 and 18 months of age. Cases
continue to be reportedin North American and
other Western Countries and is primarily seen in
breastfed infants and those with darker skin
complexions. Thiscondition is characterized by
bow legs, which can be causedby calcium or
phosphorus deficiency, as well agack of vitamin
D; today, it is largely found in low-income
countries in Africa, Asia, or the Middle East and in
those with genetic disorders such as pseudo vitamin
D deficiencyrickets.

Calcium regulation

Parathyro glands
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Figure3: Calcium regulation inthe humanbody.
1,25

The role of active vitamin D

Figure-4: Rickets

Maternal vitaminD deficiency maycauseovert
bone disease from befoldrth and impairment of
bone quality after birth. Nutritional rickets exists in
countries with intense yeaound sunlight such as
Nigeria and can occur without vitamin D
deficiency. Although rickets and osteomalacia are
now rare in the UK, outbreaks hamampened in
some immigrant communities in  which
osteomalacia sufferers included women with
seemingly adequate daylight outdoor exposure
wearing Western clothing. Having darker skin and
reduced exposureto sunshinedid not produce
rickets unlessthe diet deviated from a Western
omnivore pattern characterized by high intakes of
meat, fish, and eggs, and low intakes of high-
extractioncereals. Thedietary risk factors for
rickets include abstaining from animal foods.
Vitamin D deficiency remains the maicause of
rickets among young infants in most countries
because breast milk is low in vitamin D and social
customs and climatic conditions can prevent

Osteomalacia

Figure5: Osteomalaci& Osteoporosis

Osteomalacia and osteggorosis: Osteomalacia is a
diseasein adults that results from vitamin D
deficiency. Characteristicsof this disease are
softening of the bones, leading to bending of the
spine, bowing of the legs, proximal muscle
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NORMAL BONES

dihydroxyvitaminD, calcitriol) is shownin orange.

RICKETS

adequate sun exposure. In sunny countries such as
Nigeria, South Africa, and Bangladesh,where
rickets occurs amanolder toddlers and children, it
has been attributed to low dietary calcium intakes,
which are characteristic of cerdadsed diets with
limited accessto dairy products. Rickets was
formerly a major public health problem among the
US population; in Denve where ultraviolet rays
are about 20% strongerthan at sealevel on the
same latitude, almosttwo-thirds of 500 children
had mild rickets in the late 1920s. An increase in
the proportion of animal protein in the 20th century
American det coupled with ioreased consumption
of milk fortified with relatively small quantities of
vitamin D coincided with a dramatic decline in the
number of rickets cases. Also, in the United States
and Canada, vitamin D-fortified milk, infant
vitamin supplements,and vitamin supplements
have helped to eradicate the majority of cases of
rickets for children with fat malabsorption
conditionst!

Osteoporosis

Healthy bone

Osteoporosis

weakness,bone fragility, and increasedrisk for
fractures. Osteomalacia reduces aaitiabsorption
and increasescalcium loss from bone, which
increases the risk for bone fractures. Osteomalacia
is usually present when 25-hydroxyvitamin D
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levels are less than about 10 ng/mL. Althbuge
effects of osteomalacia are thought to contribute to
chronic musculoskeletal pain,there is no
persuasive evidence of lower vitamin D levels in
chronic pain sufferers orthat supplementation
alleviates chronic nonspecific musculoskeletal
pain. Osteoporosis is condition of reducedbone
mineral density withincreased bone fragility and
risk of bone fractures. Osteoporosis can be a-long
term effect of calcium and/or vitamin D
insufficiency, at least in part. This may result from
inadequate calcium intake, with insufficient
vitamin D contributing by reducing calcium
absorption.

Skin pigmentation: Dark-skinned people living in
temperate climates have been shown to have low
vitamin D levels but the significance of this is not
certain. Darkskinned people are less efficient at
making vitamin D becausemelanin in the skin
hinders vitamin D synthesis. Vitamin D deficiency
is common in Hispanic and Africamericans in
the United States, with levels dropping
significantly in the winter. This is due to the levels
of melanin in the skin, as it acts as a natural
protedant from sun exposure. Use of supplements:
Supplementationwith vitamin D is a reliable
method for preventing or treating rickets. The
effects of vitamin D supplementationon non
skeletal health are uncertain. A 2013 review did not
find any effectfrom supplementatioron therates

of nonskeletal disease, other than a tentative
decreasein mortality in the elderly. Vitamin D
supplements do not alter the outcomes for
myocardial infarction, stroke or cerebrovascular
disease, cancer, bone fractures or knee
osteoarthritis. Low vitamin D levels may result
from disease rather tharausedisease.

A United States Institute of Medicine (IOM) report
states: "Outcomes related to cancer, cardiovascular
diseasandhypertension,and diabetes and
metabolic syndrome, falls and physical
performance, immune functioning and autoimmune
disorders, infections, neuopsychological
functioning, and preeclampsia could not be linked
reliably with calcium or vitamin D intake and were
often conflicting." Some researchers claim th/lO
was too definitive in its recommendationsand
made a mathematical mistake wteaiculating the
blood level of vitamin D associatedwith bone
health. Members of the IOM panel maintain that
they used a "standard procedure for dietary
recommendations'and that the report is solidly
based on the data. Researchon vitamin D
supplements,nicluding largescale clinical trials, is
continuingt!
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Mortality, all -causesVitamin Ds; supplementation
has been tentatively found to lead to a reduced risk
of deathin the elderly, but the effect hasnot been
deemedpronounced,or certain enough,to make
taking supplementsecommendable. Othefiorms
(vitamin Dy, alfacalcidol, and calcitriol) do not
appear to have any beneficial effects with regard to
the risk of death. Higtblood levels appear to be
associatedwith a lower risk of death, but it is
unclear if supplementationcan result in this
benefit. Both an excess and a deficiency in vitamin
D appear to cause abnormal functioning and
premature aging. The relationship betweserum
calcifediol concentrations and -aause mortality is
"U-shaped": mortality is elevated at high and low
calcifediol levels, relative to moderate levels. Harm
from vitamin D appears to occur at a lower vitamin
D level in the black population than the white
population.

Bone health: In general, no good evidence
supports the commonly held belief that vitamin D
supplementscan help prevent osteoporosis. Its
general use for prevention of this disease in those
without vitamin D deficiency is thus likely not
needed. For older people with osteoporosis, taking
vitamin D with calcium may help prevent hip
fractures, but it also slightly increases the risk of
stomach and kidney problems. A study found that
supplementatiorwith 800 IU or more daily, in
those dder than 65 years was "somewhat favorable
in the preverion of hip fracture and newertebral
fracture". The effecis small or nonefor people
living independently. Low serum vitamin D levels
have been associatedwith falls, and low bone
mineral densityTaking extra vitamin D, however,
does not appear to chgm the risk.Athletes who
are vitamin D deficientare at an increasedisk of
stress fractures and/or major breaks, particularly
those engaging in contact sports. The greatest
benefit with supplemerdtion is seenin athletes
who are deficient (25(OH)D serum levels <30
ng/mL), or severely deficient (25(OH)D serum
levels <25 ng/mL). Incremental decreases in risks
are observed with rising serum 25(OH)D
concentrationsplateauingat 50 ng/mL with no
additional benefits seen in levels beyond thisnpoi
Becauseét found mounting evidencefor a benefit

to bone health, though it had not found good
evidence of other benefits, the US Food and Drug
Administration (FDA) has required manufacturers
to declarethe anmpunt of vitamin D on nutrition
facts labels, as "nutrients of public health
significance", since May 2016. By a proposed
deadline extension, some manufacturers have until
July 1, 2021to comply.
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Cancer: Vitamin D supplenents have been widely
marketed for their claimed anticancer
properties. Associationshave been shown in
observational studies between lgitamin D levels
and the risk of development of certain cancers. It is
unclear, however, if taking additionaitamin D in

the diet or as supplements affects the risk of cancer.
Reviews have describedthe evidence as being
"inconsistent, inconclusive as to causality, and
insufficient to inform nutritional requirements" and
"not sufficiently robust to draw conclusis". One
2014 review found that supplementshad no
significant effect on cancerrisk. Another 2014
review concluded that vitamiDs may decrease the
risk of death from cancer (one fewer death in 150
people treated over 5 years), but concerns with the
qualty of the data were noted. Insufficient
evidence existed to recommend vitamin D
supplements for all people with cancer, althoug
some evidence suggested that low vitamin D may
be associatedwith a worse outcome for some
cancers, andhat higher 25-hydroxy vitamin D
levels at the time of diagnosis were associated with
better outcomes. A2020 systematicreview and
metaanalysis in people with colorectal cancer
found evidence of a clinically meaningful benefit
from vitamin D supplementationon outcomes,
including survival, although the analysis had
limitations.

Cardiovascular disease: Taking vitamin D
supplements does not meaningfully reduce the risk
of stroke, cerebrovasculadisease, myocardial
infarction, or ischemic heart disease.
Supplementatiomay hae no effecbn blood
pressure.
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1a,24,25(0H),D, -~

Immune system:

Infectious diseases: In general, vitamin D
functions to activate the innate and dampen
the adaptiveimmune systems withantibacterial,
antiviral and antinflammatory effects. Deficiency
has beetinked to increased risk or severity of viral
infections, including HIV and COVID-19. Low
levels of vitamin D appearto be a risk factor for
tuberculosis, and historically it was used as a
treatment. Vitamin D supplementation in la@ses
(400 to 1000 IU/day) may slightly decreasethe
overall risk of acute respiratory tract
infections. The benefits were found in young
children andadolescents (ages up to 16 years)
and were not confirmed with higher doses (>1000
IU per day or more). Vitamin D sufgmentation
substantially reduces the rate of moderar severe
exacerbationsof COPD in people with baseline
25(0OH)D levels under 25nmol/L but not in those
with lesssevere deficiency.

Asthma: Although tentative data link low levels of
vitamin D to astima, evidence to support a
beneficial effect on  asthmatics from
supplementation is inconclusive. One review found
that vitamin D supplementation could reduce the
need for steroids used to inhibit episode frequency
in people with mild to moderate asthma, ahdt
supplementationhad no effect on day-to-day
asthma symptoms. In general practice,
supplementation with vitamin D is not
recommendedfor treatment or prevention of
asthma.

Inflammatory bowel disease: Low levels of
vitamin D are associated with two joaforms of
humaninflammatory bowel disease (IBD): Crohn's
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disease and ulcerativeplitis. A metaanalysisof
vitamin D therapy in IBD patients with vitamin D
deficiency has shown that supplementationis
effective at correcting vitamin D levels and is
associated with impreements in scores for clinical
diseasectivity and biochemicamarkers.

Other conditions:

Diabetesi A systematic review of 2014 concluded
that the available studies show no evidence of
vitamin D3 supplementatiorhaving an effect on
glucose homeostasisor diabetes preventionA
review article of 2016 reported that while there is
increasing evidence that vitamin D deficiency may
be a risk factor for diabetes,overall evidence
regarding vitamin D levels and diabetes mellitus is
contradidory, requiring furtherstudies.

Depressioni  Clinical trials of vitamin D
supplementationfor depressivesymptoms have
generally been of low quality and show no overall
effect, although subgroup analysis showed
supplementationfor participants with clinically
significant depressive symptoms or depressive
disorderhada moderateffect.

Cognition and dementiai A systematic review of
clinical studies found an association between low
vitamin D levels with cognitive impairment and a
higher risk of devdoping Alzheimer's disease.
However, lower vitamin D concentrations are also
associatedwith poor nutrition and spendingless
time outdoors. Therefore, alternative explanations
for the increase in cognitive impairment exist and
hence a direct causal retaishipbetween vitamin

D levelsand cognitiorcould notbe established.

Pregnancy i Low levels of vitamin D in
pregnancyare associateavith gestationatliabetes,
pre-eclampsia, and small (for gestational age)
infants. Although taking vitamin D supplements
during pregnancyraisesblood levels of vitamin D
in the motheratterm, the full extentof benefitsfor
the mother or baby is unclear. Pregnantwomen
who take an adequateamountof vitamin D during
gestation may experiencea lower risk of pre-
eclampsiaand positive immuneeffects.Vitamin D
supplementatiotis alsolikely to reducethe risk of
gestationadiabetesundersizedabiesand of their
poor rate of growth. Pregnantwvomenoften do not
take the recommended amount of vitamiffID.

Weight lossi Thoughhypothesizedhatvitamin D
supplementatiomay be an effective treatmentfor
obesityapartfrom calorie restriction, one
systematigeviewfound no association of
supplementatiorwith body weight or fat mass.A
2016 metaanalysis foundhat circulating vitamin
D status was improved by weight loss, indicating
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that fat mass may be inversely associatedwith
blood levelsof vitamin D.

Allowable  health claims:  Governmental
regulatory agencies stipulate for the food and
dietary supplement industries certairaltle claims
asallowableasstatementsn packaging.

European Food Safety Authority
1 normal functiorof theimmunesystem
1 normalinflammatoryresponse
1 normalmuscle function
1 reducedisk of falling in peopleoverage60

US Food and Drug Administration (FD A):
"Adequate calcium and vitamin D, as part of a
well-balanceddiet, along with physical activity,
mayreduce the riskf osteoporosis.”

Health Canada: "Adequatecalcium andregular
exercise may help to achieve strong bones in
children and adolescentscamay reduce the risk of
osteoporosis in older adults. An adequate intake of
vitamin D is alsonecessary."

Other possiblegencies with claim guidance: Japan
FOSHUandAustraliaNew Zealand.

Sources: Although vitamin D is presematurally
in only a few foods, it is commonly addedas a
fortification in manufactured foods. In some
countries, staple foods aaetificially fortified with
vitaminD.

Natural sources:In generalyitamin D3 is foundin

animal source foods,particularly fish, meat,
offal, egganddairy. Vitamin D, is found in fungi

and is produced by ultraviolet irradiation of

ergosterol. Thevitamin D2 contentin mushrooms
and Cladinaar buscula alichen, increase with
exposure to ultraviolet light, and Bsmulatedby

industrial ultraviolet lamps for fortification. The
United StatesDepartmenbf Agriculture reports B
and B content combined imnevalue.

Food fortification: Manufacturedfoods fortified
with vitamin D include some fruit juices and fruit
juice drinks, mealreplacement engy bars, soy
proteinbased beverages, certain cheese and cheese
products, flour products, infant formulas, many
breakfastcereals,and milk. In 2016 in the United
States, the Food and Drugdministration (FDA)
amended food additive regulations for milk
fortification, stating that vitamin D; levels not
exceed 42 U vitamin D pet00 g(400 IU per US
quart) of dairy milk, 84 1U ofsitamin D, per100 g
(800 U per quart) of plant milks, and 89 U per
100 g (800 IU per quart) iplantbased yogurts or
in  soy beverageproducts. Plantmilks are
definedasbeveragesnade from soy, almond, rice,
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among other plargourcesntended aslternatives
to dairymilk.

While somestudieshave found that vitamiDs
raises 25(0OH) D blood levels faster and remains
active in the body longer, others contend that
vitamin D, sourcesare equally bioavailable and
effective as Dz for raising and sustaining
25(0H)D®

Food preparation: Vitamin D content in typical
foods is reduced variably by cooking. Boiled, fried
and baked foods retained 691 89% of original
vitamin D.

Recommendedserum levels: Recommendations
on recommended25(OH)D serum levels vary
across authorities, and vary based on factors like
age. US labs generally report 25(OH)D levels in
ng/mL. Other countries often use nmol/L. One
ng/mL is approximatelyequalto 2.5 nmol/L.

0/ y
8 S,
/>
W w -
United étatcs - ]5% L
Middle East
0/ ,

Indi
ndie Australia

Figure7: Global vitamin D serum levels among
adults(nmol/L).

A 2014 review concluded that the most
advantageousserum levels for 25(OH)D for all
outcomesappearedo be close to30 ng/mL(75
nmol/L). The optimh vitamin D levels are still
controversialand anotherreview concludedthat
ranges from 30 to 40 ng/mL (75 to 100 nmol/L)
were to be recommended for athletes. Part of the
controversy is because numerous studies have
found differencesin serum levels of 25(OH)D
between ethnic groups; studies point to genetic as
well as environmental reasons behind these
variations. Supplementationto achieve these
standard levels could cause harmful
vascular calcification.

A 2012 metaanalysis showed hat the risk

of cardiovasculardiseases increasashen blood
levelsof vitamin D arelowestin arangeof 8 to 24
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ng/mL (20 to 60 nmol/L), althoughresultsamong
the studiesanalyzedwereinconsistent.

In 2011 an IOM @mmittee concludeda serum
25(0OH)D level of 20 ng/mL (50 nmol/L) is needed
for bone and overall health. The dietary reference
intakes for vitamin D are chosen with a margin of
safety and 'overshoot' the targeted serum value to
ensure thespecifiedlevels d intake achieve the
desired serum 25(OH)D levels in almost all
persons. No contributions to serum 25(OH)D level
are assumed from sun exposure and the
recommendationsare fully applicable to people
with dark skin or negligible exposure to sunlight.
The Ingitute found serum Z®H)D concentrations
above 30 ng/mL (75 nmol/L) are "not consistently
associated with increased benefit". Serum
25(0OH)D levels above 50 ng/mL (125 nmol/L)
may be cause for concern. However, some people
with serum 25(OH)D between30 and 50 ng/mL

(75 nmol/L-125 nmol/L) will also have inadequate
vitamin D.["]

Vitamin D toxicity is rare. It is caused by
supplementing with high doses of vitamin D rather
than sunlight. The threshold for vitamin D toxicity
has not been established;however, according to
some research,the tolerable upper intake level
(UL) is 4,000 IU/day for agesigl (100 upg/day),
while other researchconcludesthat, in healthy
adults, sustained intake of more than 50,000 1U/day
(1250 €g) can producaa
months and aaincrease serum 2dydroxyvitamin

D levels to 150 ng/mL and greater. Those with
certain medical conditions, such asprimary
hyperparathyroidism, afar moresensitive to

vitamin D anddevelop hypercalcemia in response
to any increasein vitamin D nutrition, while
maternal hypercalcemia during pregnancy may
increase fetasensitivity to effects of vitamin D and
lead to asyndromeof mentalretardationandfacial
deformities. Idiopathic infantile hypercalcemiais
causedby a mutation of the CYP24Al1l gene,
leadingto areductionin thedegradatiorof vitamin

D. Infants suffering from such a mutation have an
increased sensitivity to vitamin D and in case of
additional intake a risk of hypercalcaemiaThe
disorder can continue into adulthood. A review
published in 2015 noted that adverse effects have
been reported only at 25(OH)D serum
concentrationabove 20Gmol/L.

overt
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Figure-8: Biosynthesisof Vitamin -D
Published cases of toxicity involving for 400 internationalunits (1 IU is the biological
hypercalcemia in which the vitamin bse and the equivalent of 25 ng cholecalcifera@fgocalciferol).
25-hydroxy-vitamin D levels are known all involve In addition, for products intended for infants, the
an intake of O4 0, 00(01, 100 (per day. ) FDA recommends the dropper hold no more than
Pregnant or breastfeeding women should consult a 400 IU. For infants (birth to 12 months) the
doctor before taking a vitamin D supplemenhe tolerable upper limit (maximum amount that can be
FDA advised manufacturersof liquid vitamin D toleratedwithout harm)is setat2 5 ¢ (14,0008 y
supplementsthat droppers accompanyingthese IU). One thousand micrograms per dayinfiants
productsshould be clearly and accuately marked has produced toxicity within one month. After
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being commissioned by the Canadiaand
American governmentsthe Instituteof Medicine
(IOM) asof 30 November 201(hasincreased the
tolerableupper limit (UL) to 2,500 IUper day for
ages 13 years, 3,000 IU per day fages 48 years
and 4,000 IU per day for ages %1+ years
(including pregnant or lactating womealcitriol
itself is autoregulatedn a negativdeedbaclcycle,
and is also ffected by parathyroidhormone,
fibroblastgrowthfactor23, cytokinesgalcium,and
phosphate.

Effect of excess: Vitamin D overdose causes
hypercalcemia,which is a strong indication of
vitamin D toxicity 7 this can be noted with an
increase in urinatioand thirst. If hypercalcemia is
not treated, it results in excess deposits of calcium
in soft tissues and organs such as the kidneys, liver,
and heart, resulting in pain and organ damage. The
main symptoms of vitamin D overdosehich are
those of hypercakmia including anorexia, nausea,
and vomiting. These may be followed
by polyuria, polydipsia, weakness, insomnia,

Interactive pathway

UV / sunlight

nervousness, pruritus and ultimately kidney failure.
Furthermore, proteinuria, urinaryasts,azotemia,
and metastaticcakification (especially in the
kidneys) may develop. Other symptoms of vitamin
D toxicity include mental retardationin young
children, abnormal bone growth and formation,
diarrhea, irritability, weight loss, and severe
depressin. Vitamin D toxicity is treated by
discontinuing vitamin D supplementation and
restricting calcium intake. Kidney damage may be
irreversible. Exposure to sunlight for extended
periods of time does not normally cause vitamin D
toxicity. The concentrations of vitamin D
precursors produced in the skin reach
an equilibrium, and any further vitamin D produced
is degradedf!

Biosynthesis: Synthesis of vitamin D in nature is
dependenton the presenceof UV radiation and
subsequentactivation in the liver and in the
kidneys. Many animals synthesize vitamin
Ds; from 7-dehydrocholesteroland many fungi
synthesizevitamin D, from ergosterol.

Ergosterol

Animals

UV [/ sunlight

Ergocalciferol

HO Vitamin D,

i

HO

7-dehydrocholesterol

Figure9: Biosynthesisof Vitamin-D

Photochemistry: The transformation that converts
7-dehydrochblesterol to vitamin B occurs in two
steps. First, -«lehydrocholesterol is photolyzed by
ultraviolet light in a 6-electron conrotatory ring
opering electrocyclic reaction; the product is
previtamin Q. Second, previtamin D
spontaneously isomerizes to vitamin D3
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A

Cholecalciferol
Vitamin Dy

HO

(cholecalciferol) in an antarafacial sigmatropic
[1,7] hydride shift. At room temperature,the
transformation of previtamin £3o vitamin By in an
organic solvent takes about 12 days to complete.
The conversion of previtaminz0o vitamin D; in

the skin is about 10 times faster than in an organic
solvent!®
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Figure10: Thermalisomerizatiorof provitaminDs to vitamin Ds

The conversion from ergosterol to vitamib: follows a similar procedureforming previtamin D by
photolysis,which isomerizego vitamin D; (ergocalciferol) The transformation gbrevitamin D to vitamin D

in methanol has a rammparable to that of previtaminsDrhe process ifaster in white button mushrooms.
Vitamin Ds is producedphotochemicallyfrom 7-

dehydrocholesterol in the skin of mogtrtebrateanimals,includinghumans.

The precursor of vitamin § 7-dehydrocholesterolis produced in relatively large quantities. 7-
Dehydrocholesterol reacts with UVB light at wavelengthsf 2901 315 nm. These
wavekngths are present sunlight, aswell as in the light emittedby the UV lampsin tanningbeds (which
produce ultraviolet primarily in the UVA spectrumput typically produce4% to 10% of the total UV
emissions as UVB). Exposute light throughwindowsis insufficient becauseglassalmostcompletelyblocks
UVB light. Adequate amounts of vitamin D can be produe@t moderate sun exposure to the face, arms and
legs (for those with the least melanin), averadsh@0 minutestwice per week, or apprimately 25% of the
time for minimal sunburn.

The darker the skin, and theaker the sunlighthe more minutes of exposure are needed. VitaBioverdose
is impossible from UV exposure: tiskin reachegquilibriumwherethevitamin degradessfastasit is created.
Synthesisin the skin:

Sunscreen absorbs or reflects ultraviolet light preventsmuchof it from reachingthe skin. Sunscreen with a
sun protection factor (SPF) ofl@&ased on the UVB spectrum decreases vitamsyiihetic capacity by 95%
and SPF 15 deeases iby 98%. The skin consists of two primary layele innerlayer calledthe dermisand
the outer, thinner epidermisVitamin D is produced ithe keratinocytes afwo innermoststrataof the
epidermis,the stratumbasaleand stratumspinosum, which also are able to produce calciiitd expresshe
VDR.

Evolution: Vitamin D can be synthesized only byphotochemicaprocessPhytoplanktonsn the ocean(such

as coccolithophorand Emilianiahuxleyi) have beenphotosynthesing vitamin D for more than 500 million
years. Primitive vertebratesn the oceancould absorbcalcium from the ocean into their skeletons and eat
planktonrich in vitamin D.

Land vertebrates required another source of vitdinatherthan plantdor ther calcified skeletonsTheyhadto

either ingestit or be exposedto sunlight to photosynthesize it in their skin. Lamdrtebrates have been
photosynthesizing vitamin Ebr more than 350 million years. In birds and-foearing mammals, fur or feathers
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block UV raysfrom reachingthe skin. Instead,vitamin D is created from oily secretions of the skin deposited
ontothefeathersor fur, andis obtainedorally duringgrooming.

Liver
enzyme
pathway

|
l

Calcidiol (25 OH vitamin D)
Measured form in blood

dehydrocholesterol

Calcitriol (1,25 OH2 vitamin D)
Active fom in body _G % =

Diet supplement: _
y

/
{moalcnoéd&"' 2

oy

*Cholecaldferol D3

©

Calditroic acid
Inactive form

Figure11:In the epidermalstrataof the skin, vitamin D productionis greatstin the stratumbasaleandstratum

spinosum

However, some animals, such as the naked mole
rat, are naturally cholecalciferdeficient, as serum
25-OH vitamin D levels are undetectable. Dogs and
cats are practically incapable of vitamin D
synthesis due to high activity of 7-
dehydrocholesterol reductase, but they do get them
from preyanimals.

Mechanismof action:
N

liver
|
HOY HOY
cholecalciferol (4) calcifediol (5)
Kidney
\ N\
| .
| liver/bone
HOY ITOH HOY 1YOH

alfacalcidol (2)

calcitriol (1)

Industrial synthesis: Vitamin Dz (cholecalciferol)

is produced industrially by exposing 7
dehydrochole®rol to UVB light, followed by
purification. The 7dehydrocholesterol is a natural
substance in fish organs, especially the liver, or in
wool grease (lanolin) from sheep. Vitamin
D, (ergocalciferol)is producedin a similar way
using ergosterolfrom yeast or mushroomsas a
starting materialt%

Figure-12: Liver hydroxylation of cholecalciferolto calcifediol
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Metabolic activation: Vitamin D is carried in the
bloodstream to the liver, where it is converted into
the prohormonecalcifediol. Circulating calcifediol
may then be converted into calcitriol, the
biologically active form of vitamin D, in the
kidneys.Whetherit is madein the skin or ingested,
vitamin D is hydroxylated in the liver at position 25
(upper right of the molecule) to form 25
hydroxycholecalciferol(caldfediol or 25(OH)D).
This reaction is catalyzed by the microsomal
enzyme vitamin D25-hydroxylase the productof
the CYP2R1 human gene, and expressed by
hepatocytes. Once made, the prodisctreleased

into the plasma, where it is bound to Eiglobulin
carrier protein named the vitamin D- binding
protein. Calcifediol is transportedto the proximal
tubulesof the kidneys,whereit is hydroxylated at
the U posi ti on (| moleele)tor i ght
form calcitriol (1,25 dihydroxycholecalciferl
1,25(0OHYD). The conversion of calcifediolto
calcitriol is catalyzed by the enzyme 25
hydroxyvitamin Dz 1-alpha hydroxylase which is
the product of the CYP27B1human gene. The
activity of CYP27BLlis increasedby parathyroid
hormone,and also by low calcium or phosphate.

uv
B
diet
. 25-hydroxylase
Srer (CYP2R1)
25-0H
D3 5
Kidney Colon. Prostate. Lungs. Brain
1a hydroxylase Breast, Skin, etc....
(cyr2781)
Calcitriol Calcitriol
1,25 (OH), D3 1,25 (OH}, D3

Systemic endocrine effects
{Ca homeostasis/bone health)

Local (paracrine/autocrine) cell regulation
(e.g., modulation of the immune system)

Figure-13: Kidney hydroxylation of calcifediol to calcitriol

Following the final converting step in the kidney,
calcitriol is released into the circulation. By
binding to vitamin DBbinding protein, calcitriol is
transported tloughait the body, including to the
classical target organs of intestine, kidney and
bone. Calcitriol is the most potent natural ligand of
the vitamin D receptor, which mediates most of the
physiologicalactionsof vitamin D[

In addition to the kidneys calcitriol is also
synthesized by certan otha cells including
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monocytemacrophages inthe immune system.
When synthesizedby monocyte macrophages,
calcitriol acts locally as a cytokine, modulating

body defenses against microbial invaders by

stimulatirg the innatdmmunesystem.

Inactivation: The activity of calcifediol and
calcitriol can be reduced by hydroxylation at
position 24 by vitamin D3 2fydroxylase, forming
secalciferoland calcitetrolrespectively.
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Difference between substrates: Vitamin D;
(ergocalciferol) and vitamin Ds; (cholecalciferol)
sharea similar mechanism of action asutlined
above. Metabolitegproducedby vitamin D, are
sometimesnamedwith an er- or ergo prefix to
differentiatethemfrom the Ds-based counterparts.
1 Metabolitesproduced from vitamin
D, tend to bind lesswell to the vitamin D-
binding protein.It is disputed whether this
difference leads to a shortealf-life.

1 Vitamin Ds canalternativelybe hydroxylated
to calcifediol by sterol 27- hydroxylase
(CYP27A1), butvitamin D, cannot.

1 Ergocalciferolcanbe directly hydroxylatedat

position24 by CYP27A1. Thishydroxylation

alsoleads to a greater degree of inactivation:

the activity of calcitriol decreases to 60%f
original after  24-hydroxylation,
whereas ercalcitriol undergoes a 1fold
decrease in activity on conversion to
ercalcitriol.

COVID -19: Vitamin D deficiency has been shown
to potentially increase the risk of seveespiratory
infections. This has causeda renewedinterest of

o

g 7 - dehydrocholesterol

Effects on the
Respiratory system

VA ¢
<.>
ITA

Inflammatory
process

7

\;, ARTI

\b PG synthesis/actions |, PGE2

<y

Pro-inflammatory cytokines

Asthma/COPD
(exacerbation)

IL-6, IL-17

: A TH2 10 A Treg

Antimicrobial peptides

“l Lung fibrosis
1‘ Lung Function

1‘ Authophagy in macrophages

* Females produce more
neutralizing antibodies against the
viruses than males

Figure14: Vitamin D useagainstCOVID-19

In July 2020, the US Nationallnstitutesof Health
found insufficient evidence to recommefat or
against using vitamin D supplementatiorptevent
or treat COVID-19. The UK National Institute for
Health and Care Excellence (NICE)does not
recommendto offer a vitamin D supplementto
peoplesolely to preventor treat COVID-19. Both
organizations included recommendations to
continuethe previousestablishedecommendatias
on vitamin D supplementatiorfor other reasons,
suchasboneandmusclehealth,asapplicable Both
organizationsnoted that more peoplemay require

Skin (UV)

—

H
(0]

TH1:TNF-alpha, IFN-gamma, IL-12,
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DEFENSE
cathelicidin and alpha-defensin AGAINST INFECTIONS

this potential in 2020 during the GOVID-19
pandemic.

Several systematicreviews and metaanalysesof
multiple studies have described the associations of
vitamin D deficiency with adverseoutcomesin
COVID-19. One found that while deficiency was
not associated with a higher probability of
becoming infected with COVID-19, there were
significant associations between vitamin D
deficiency or insufficiency with more severe
disease, including imeases in hospitalization and
mortality rates by about 80%. Two other meta
analyses of around 40 stedihave shown that the
risk of infection was higher in those with vitamin D
deficiency. The vitamin D deficient group had
about a two-fold risk of diseasewith greater
severity, and on some analyses, a significant
association with higher rates of mortalignother,
reviewing 31 studies, reportedthat patientswith
COVID-19 tend to have lower 25(OH)D levels
than healthy subjects but stated that tlend for
associations with health outcomes was limited by
the low quality of the studies and by the posdipili
of reverse causality mechanishi.
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supplementationdue to lower amounts of sun
exposurauringthe pandemic.

The major complication of COVID-19 is acute
respiratory distress syndrome (ARDS), which may
be aggravated by vitamin D deficiency, an
associationthat is not specific to coronavirus
infections. A number of trials in different countries
are underway to address the potential for theofise
vitamin D, and its metabolites such as calcifediol,
for the pevention and treatment of SARV-2
infections. A metaanalysis of three studies on the
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effect of oral vitamin D supplementatiorindicated
a lower intensivecare unit (ICU) admissionrate
(odds ratio: 0.36) comparedto those without
supplementatiorhut withouta changen mortality.

Vitamin D Statusand it 6s it North el
Guijarat, India: In this research, total 359 subjects
of north Guijarat, Indiavere in study whose 25 OH
Vitamin D (Total) and HbAlc were estimated.
Data of all 359 subjects were collected which are of
undergone for preventive health checkup it means
they are not a patienAmong these 359 subjects,
316 subjects are having Vitamin D Deficiency
while just 43 subjectsra Vitamin D suffigent. It
means) found 88.02% Indians of north Gujarat are
Vitamin D deficient while merely 11.98% Indians
of north Gujarat are Vitamin D sufficient.

a

Here in this study | considered deficient hose 25
OH Vitamin D (Total) level is lesthan 30 ng/ml.

In other study, Wwere 316 Vitamin D deficient of
north Gujarat were estimated for HbAlc
(Glycosylated hemoglobin). In this study, from 316
Vitamin D deficient 187 subjects are found having
diabeteswhose HbAlc was 5.7% or more than
5.7% while 129 subjects are found non loidics
whose hbAlc was less than 5.7Baneans, | found
that 59.18% Indians of north Gujarat who are
Vitamin D deficient are diabetics whilé0.82 %
Indians of north Gujarat are natiabetics who are
Vitamin D deficient. hese out comes of research
study reveals status of Vitamin D and its
correlation with diabetesln this research study,
subjects whose HbAlc is 5.7% or more than 5.7%
are conilered as diabetic while whose HbAlc is
less than 5.7% are considered as-diaetics

Conclusion: Cholecalciferolis convertedin the
liver to calcifediol (25-hydroxycholecalciferol);
ergocalciferol is converted to 25
hydroxyergocalciferol. These two vitamin D
metabolites (called 25-hydroxyvitamin D or
25(OH)D) are measured in seruim determine a
person'svitamin D status. Calcifediol is further
hydroxylated by the kidneys and some of the
immunesystem cells to form calcitriol (also known
as 1,25dihydroxycholecalciferol), the biologically
active form of vitamin D. Calcitriol circattes as a
hormone in the blood, having a major role
regulating the concentration of calcium and
phosphate, and proniog the healthy growth and
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remodeling of bone. Calcitriol also has other
effects, including some on cell growth,
neuromuscular and immune functions, and
reductionof inflammation.

Thiereis conflicting evidence about the benefits of
interventions withvitamin D, one view purporting
an intake of 4,000 12,000 IU/day from sun
exposure  with  concomitant serum 25
hydroxyvitaminD levels of 40 to80 ng/mL,
while anotherview is that serum concentrations
above 50 ng/mL are not plab. The  United
States National Institutes of Health Office of
Dietary Supplements established \dtamin D
Initiative in 2014 to track current research and
provideeducatiorto consumers.

In their 2020 update it was recognized that a
growing body of researchsuggestdhat vitamin D
might play some role in the prevention and
treatment oftypes 1 and 2 diabetes, glucose
intolerance, hypertension, mitiple sclerosis, and
other medical conditions. However, it was
concludedthat the available evidencewas either
inadequateor too contradictory to confirm the
effectivenessof vitamin D on those conditions,
save for the morgositive findings on bone hith.
Some preliminanstudies link low vitamin D levels
with disease laten life. Onemetaanalysisfounda
decreasein mortality in elderly people. Another
metaanalysis covering over 350,000 people
concluded that vitamin D supplementationin
unselectedcommunitydwelling individuals does
not reduceskeletal (total fracture) or non-skeletal
outcomes (myocardial infarction, ischemic heart
diseasestroke,cerebrovasculadiseasegancer)by
morethan15%,andthatfurtherresearcttrials with
similar desgn are unlikely to change these
conclusions.

A 2019metaanalysisfoundthata smallincreasdn

risk of stroke when calcium supplements were
added to vitamin D. Evidence asf 2013 is
insufficientto determinewhethervitamin D affects

the risk of cance. Research studyum up that
88.02% Indians of north Gujarat are Vitamin D
deficient. Lastly, Vitamin D deficiency leads to
diabetes because this research study among Indians
of north Gujarat reveals that IVitamin D
deficiency, 18.36% risk to develop athietes.
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No of subjects N.O . & % vitamin D N_o . e % vitamin D
vitamin D vitamin D

Month . . .. - -

whose vitamin | deficient deficient sufficient sufficient subiects

D estimated subjects subjects subjects )
Jan21 34 33 97.06% 1 2.94%
Feb21 108 101 93.2% 7 6.48%
Mar-21 | 37 31 83.78% 6 16.22%
Apr-21 37 36 97.30% 1 2.70%
May-21 | 30 24 80% 6 20%
Juk21 113 91 80.53% 22 19.47%
TOTAL | 359 316 88.02% 43 11.98%

VITAMIN D DEFICIENT SUBJECTS
OF NORTH GUJARAT, INDIA

SUBJECTS W VITAMIN D ESTIMATED N VITAMIN D DEFICIENT SUBJECTS
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VITAMIN D SUFICIENT SUBJECTS
OF NORTH GUJARAT, INDIA

SUBIJECTS W E VITAMIN D ESTIMATED VITAMIN D SUFFICIENT SUBJECTS

359
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Jan-21 Feb-21 Mar-21 1 May-21 TOTAL

% VITAMIN D SUFFICIENT SUBJECTS
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TOTAL, 11.98% Jan-21,2.94% >, 6.48%

Jul-21, 19.47%

May-21, 20%

NO OF
0, 0,

Tl P e R - i

SUBJECTS DIABETICS | DIABETICS | SUBJECTS | NORMAL SUBJECTS
Jan2l 33 13 [9+4] 39.39% 20 60.61%
Feb2l | 101 67 [36+31] | 66.34% 34 33.66%
Mar-21 | 31 14 [6+8] 45.16% 17 54.84%
Apr-21 | 36 24 [17+7] 66.67% 12 33.33%
May-21 | 24 13 [9+4] 54.17% 11 45.83%
Juk21 91 56[39++17] | 61.54% 35 38.46%
TOTAL | 316 187[116+71] | 59.18% 129 40.82%
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