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Abstract

Studies around the world, irrespective of latitude, show that the majority of the world's population has insufficient
vitamin D status. Vitamin D deficiency is common in the middle east where sun shines round the year. Vitamin D
deficiency is linked to many serious diseases such as rickets, multiple sclerosis, osteoporosis, CVD, tuberculosis,
diabetes, certain cancers, cognitive decline, depression, pregnancy complications, autoimmunity, allergy, and even
frailty. The prevalence of hypovitaminosis D is significantly high among population of UAE, Saudi Arabia and many
middle eastern countries, especially among women, despite abundant sunshine. It is clear that sufficient levels of
serum 25(OH)D are essential for optimizing human health. There is a growing consensus that the optimal range for
25(OH)D values lies above 30 to 32 ng/mL (75-80 nmol/L) for most populations, and it seems prudent that persons
at high risk of vitamin D deficiency and/or insufficiency have their serum 25(OH)D assessed. An effective strategy
to prevent vitamin D deficiency and insufficiency is to obtain some sensible sun exposure, ingest foods that contain

Afrozul and Chareles, J Chromatogr Sep Tech 2015, 6:4
DOI: 10.4172/2157-7064.1000276

vitamin D, and take vitamin D supplement.
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Introduction

There is an epidemic of vitamin D deficiency sweeping across our
modern world, and it's an epidemic of such magnitude and seriousness
that is not only alarmingly widespread but a root cause of many
serious diseases such as rickets, multiple sclerosis, cancer, diabetes,
osteoporosis, tuberculosis and heart disease. Public interest in vitamin
D is rising because there is intense and growing activity in the research
community on the functions and benefits of vitamin D. People living
near the equator who are exposed to sunlight without sun protection
have robust levels of 25-hydroxyvitamin D - above 30 ng per milliliter
(75 nmol/L) [1,2]. In a recent retrospective study presented at the 18™
vitamin D workshop at Delft, the Netherlands, we found that among
136 countries tested Columbians were having the highest levels (>70
nmol/L) [3]. Columbia being located at 4°N and therefore, sunshine
throughout the year. However, even in the sunniest areas, vitamin
D deficiency is common when most of the skin is shielded from the
sun. In studies in the United Arab Emirates, Saudi Arabia, Australia,
Turkey, India, and Lebanon, 30 to 50% of children and adults had
25-hydroxyvitamin D levels under 20 ng per milliliter (50 nmol/L)
[4-7]. Despite the important role of vitamin D in maintaining
bone health, as well as a vareiety of other physiologic functions
[8], many clinicians aree reluctant to treat vitamin D deficiency
or insufficiency in kidney stone formers because of the theoretical
risk of increasing urinary calcium excretion. Hypervitaminosis D
is a well-known cause of hypercalcemia and hypercalciuria, we are
unaware of any prospective study in which the effects of standard
replacement doses of vitamin D on urinary calcium excretion have
been investigated among stone formers [9]. Calcium and vitamin
D have been posed as one of the most important micronutrients
affecting the prevention of low bone mass at all ages [10]. Calcium
metabolism and the control of urinary calcium excretion are
regulated by many factors, of which vitamin D is only one. Indeed,
evidence suggests that various nutrient-gene interactions involving
vitamin D might influence urinary calcium excretion. High calcium
excretion is associated with a decreased trabecular BMD in elderly
men and may predispose men to trabecular bone loss [11].

As the results of new studies become public, people who have
been quietly and desperately suffering with health issues are finding
vitamin D to be a remarkable solution for them. Vitamin D is actually
a steroidal hormone like estrogen or testosterone. It stands alone as the
only ‘vitamin’ the body can produce on its own. Vitamin D is needed
by the body to properly use other substances like calcium, magnesium,
phosphate, zinc and boron to build and maintain healthy tissue, skin,
bone, teeth, and nerves. Vitamin D is called the “Sunshine Vitamin”
because the body naturally produces it through exposure of your skin
to the sun. A healthy young light-skinned person can generate up to
12,000 IU of vitamin D with just 20 minutes of sufficient bare skin
exposure to a strong noon day sun under good conditions. So, it seems
highly unlikely that consumption of more than 400 IU per day, the
current suggested daily allowance, would be toxic.

The dietary sources of vitamin D are: cod liver oil, 1 tablespoon
1360 IU, salmon fish (sockeye), cooked, 3 ounces 794 IU, mackerel,
cooked, 3 ounces 388 IU, tuna fish, canned in water, drained, 3
ounces 154 IU, milk, vitamin D-fortified, 1 cup 115-124 IU, sardines,
canned in oil, drained, 2 sardines 46 IU, liver, beef, cooked, 3.5 ounces
46 1U and egg, 1 whole (vitamin D is found in yolk) 25 IU [12].
Vitamin D (which includes both D2 and D3) carries out essential
biologic functions through both endocrine and autocrine/paracrine
mechanism. Vitamin D3 is derived from a cholesterol precursor in
the skin, 7-dehydrocholesterol (7-DHC). When the skin absorbs
UV-B radiation, the precursor is converted to pre-vitamin D3,
which undergoes thermally induced transformation to vitamin D3
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(cholecalciferol). Vitamin D2 (ergocalciferol) is a synthetic product
produced by irradiation of plant sterols - Asclepius, mushrooms etc.
Asclepius is a plant grown wildly over the mountains of Colorado, USA
and believed as God of medicine and healing in ancient Greek religion.

Metabolism

Vitamin D, whether from the diet or the skin, is metabolized in the
liver to 25(OH)D by 25-hydroxylase enzyme. Since 25(OH)D is the most
plentiful and stable metabolite of vitamin D in the human bloodstream,
it has been accepted as the functional indicator of vitamin D status [13].
25(OH)D is a prohormone that serves as an immediate precursor to
the active form of vitamin D,1,25-dihydroxyvitamin D(1,25(0OH)2D;
calcitriol). A single enzyme, 25(OH)D-1-a-hydroxylase (encoded by
CYP27B1), is responsible for production of 1,25(OH)2D, in the kidneys
which serves as a high-affinity ligand for the vitamin D receptor(VDR).
In its endocrine action, 25(OH)D is converted by hydroxylation in the
kidney to 1,25(0OH)2D, which circulates in the blood as a hormone
to regulate mineral and skeletal homeostasis. The primary target of
1,25(OH)2D is the intestinal mucosa in which it directs the calcium
transport system to adapt to varying calcium intakes (Figure 1).
Blood 1,25(0OH)2D (calcitriol) levels aree not good indicators of the
amount of vitamin D and should not be used to determine sufficiency
or deficiency. Therefore, description of the measurement of calcitriol
in this review is out of scope. Sun is the key source of vitamin D3 as
90% of total vitamin D3 comes from the sun. Lanolin which full of
cholesterol and fatty acids is often used as a raw material from the skin
of furry animals like sheep to extract vitamin D3.

Vitamin D was originally discovered for its ability to prevent the
childhood bone disease. Rickets which is chareacterized by softening
of the bones leading to deformity. The major physiological function
of vitamin D is to maintain intracellular and extra cellular calcium
concentrations within a physiologically acceptable range. Vitamin D
plays a key role in maintaining the skeleton by regulating calcium and
phosphate homeostasis. Vitamin D-deficiency leads to the bone disease
rickets in children and osteomalcia in adults. However, vitamin D can
also influence other components of the skeleton, notably the cells that
control bone turnover [8,14].

Vitamin D receptors (VDR) have been found in almost every
type of human cell, from brain to our bones. Vitamin D controls
(directly or indirectly) more than 3000 genes that regulate calcium
and bone metabolism, modulate innate immunity affect cell growth
and maturation, regulate the production of insulin and renin, induces
apoptosis and inhibit angiogenesis. Nearly every tissue in the body
has receptors for the active form of vitamin D, 1,25 dihydroxyvitamin
D3 [1,25(0OH)2D3] or calcitriol. The immunomodulatory role for
1,25(0OH)2D3 was proposed more than 25 years ago. This latest
function was essentially based on the finding that monocytes/
macrophages from patients affected by the granulomatous disease
sarecoidosis constitutively synthesize the active form of vitamin D3
[1,25(0OH)2D3] from the precursor 25-hydroxyvitamin D (25-OHD),
as well as on the data indicating that the receptor for vitamin D (VDR)
is detectable in activated, proliferating lymphocytes [15]. Nevertheless,
only recently has a cleareer picture of the function of 1,25(0OH)2D3 as
a determinant of immune responsiveness been obtained. The crucial
role of 1,25(OH)2D3 in the immune system was confirmed by other
evidence. Understanding the vitamin D metabolism is of fundamental
importance to know the mechanisms involved in the maintenance of
calcium homeostasis. The vitamin D hydroxylases have an important
role in providing a tightly regulated supply of 1,25(OH)2D3 [16].
Certain specific factors involved in regulating the hydroxylases may lead

to the design of drugs that can selectively modulate the hydroxylases.
The ability to alter levels of these enzymes would have therapeutic

potential for the treatment of various diseases including bone
loss disorders and certain immune diseases [16]. First, the intracrine
induction of antimicrobial activity by 1,25(OH)2D3 is a pivotal function
of the monocyte/macrophage response to infection. Second, sub-
optimal vitamin D status is a common peculiarity of many populations
throughout the world, with the possible support of monocyte/
macrophage metabolism of 250HD and subsequent synthesis and
action of 1,25(0OH)2D3 [17]. Its ability to bind to transporter protein,
namely, vitamin D binding protein, enables it to reach other districts
that will be its target. These effects create an environment suitable for
gene transcription [18].

Measurement of D2 and D3 Metabolites as Total
Vitamin D

According to Mayo Clinic, the following patients should be
screened for vitamin D deficiency [19]:

o Individuals receiving therapy to prevent or treat osteoporosis.

o Elderly people, especially those with minimal exposure to
sunlight.

o Patients with signs and symptoms of hypocalcemia or
hypercalcemia.

o Children and adults with suspected rickets and osteomalacia,
respectively.

« Patients receiving vitamin D therapy who do not demonstrate
clinical improvement.

Vitamin D testing has significantly increased in recent years, most
likely due to emerging evidence linking D-deficiency to the development
of cancer, diabetes, autoimmune and cardiovascular diseases. There
are several FDA approved methods available for the measurement of
vitamin D in blood. Here we found a list of FDA approved methods
for vitamin D testing: DiaSorin (LIAISON); ESA Bioscience (HPLC);
Siemens Health care Diagnostics (ADVIA); Abbott Diagnostics
(ARECHITECT); Ortho-Clinical Diagnostics (VITROS®); Roche
Diagnostics (ELECSYS);Tosoh Bioscience (AIA-Pack). However, three
methods are popularly used in the labs/hospitals around the United
Arab Emirates namely Roche Diagnostics (ELECSYS), DiaSorin
(LTAISON®) and Abbott Diagnostics (ARECHITECT). We are routinely
using ELECSYS Vitamin D Testing Method (Roche Diagnostics) in our
lab for the last more than three years and getting consistent results. The
ELECSYS Vitamin D Total assay is a competitive protein-binding assay
using a recombinant VDBP (recVDBP) that captures both 25-OHD3
and 25-OHD2 metabolites, allowing the quantitative determination
of total 25(OH)D. Signal generation is based on the electro-chemi-
luminescence technology, generating high sensitivity [20,21]. Most of
the total 25(OH)D in plasma or serum is represented by 25(OH) D3,
whereas 25(OH)D2 is present in significant amounts only in subjects
taking vitamin D2 supplements [22-24]. The required sample volume
is 15 ul and the overall duration of the assay is 27 min. External quality
controls are routinely used provided by the College of American
Pathologists (CAP), Chicago, USA.

Dr. Ravinder Singh [25] of Department of Laboratory Medicine
and Pathology, Mayo Clinic and Foundation, Rochester (MN) 55905
USA, has published about the use of liquid chromatography-mass
spectrometry (LC-MS/MS) technique for vitamin D measurement.
This method measures vitamin D2, vitamin D3, and the D3 epimer
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Figure 1: Vitamin D endocrine, autocrine/paracrine systems.
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separately; through calculation, total vitamin D is reported. This
method was chosen by the Nutritional Laboratory at the Centers for
Disease Control and Prevention (CDC) and the National Laboratory in
the United Kingdom for analysis of vitamin D for health and nutrition
surveys, partly due to its ability to distinguish the various forms of
vitamin D in plasma that may be found in people of all ages [26-28].
LC-MS/MS is a sensitive and specific method that is referred to as a
‘gold standard’ test. Can be slow and requires expensive equipment,
routine maintenance and skilled staff. Laboratories performing 25(OH)
D testing by LC-MS/MS technology have differences in their standard
operating procedures, and thus inter-laboratory CVs are in the range of
20%. Multiplexed immunoassays may have the potential of achieving
accuracy and precision for multiple vitamin D metabolites. For better
patient care, the goal should be not only to have an accurate 25(OH)D
value but also precision for 25(OH)D testing, with a CV <1% [25]. The
SI units for vitamin D concentration are converted to traditional units
by the equation 25(OH)D nmol/1=25(OH)D ng/ml x 2.5.

Reference ranges used are based upon the recommendations
according to the Endocrine Society [29] and the Society for Adolescent
Health and Medicine [30]. Thus hypovitaminosis D was defined in
presence of 25(OH)D levels <75.0 nmol/L (30 ng/mL). Furthermore,
severe vitamin D deficiency was defined as 25(OH)D levels <25.0
nmol/L (10 ng/mL) and were defined as follows: deficiency: <25
nmol/L, optimal/sufficiency: 75-200 nmol/L, insufficiency: 25-75
nmol/L and toxicity: >250 nmol/L. According to the latest Institute of
Medicine (IOM) recommendations, 25(OH)D levels corresponding
to a serum 25(OH)D status of at least 50 nmol/L indicates sufficiency
[31]. However these levels might be true for rickets and other bone

related diseases but not for non-calcemic disorders where higher levels
of vitamin D up to 200 nmol/L are recommended.

The historical underpinnings of contemporary perspectives on
vitamin D toxicity are rarely appreciated, but the concept that vitamin
D is one of the most toxic fat-soluble vitamins has been instilled in
the psyche of health regulators and the medical community. Currently,
there is great concern about the potential for the widespread increased
use of vitamin D increasing the risk for kidney stones, cardiovascular
calcifications, and even death [32-33]. Professor Michael Holick recently
published an interesting editorial about the various aspects of vitamin
D toxicity [33]. The Endocrine Society’s practice guidelines suggest
daily vitamin D supplementation of 400 to 1000, 600 to 1000, and 1500
to 2000 for ages 0 to 1 year, 1 to 18 years, and all adults, respectively
[34] (obese adults require doses 2-3 times higher). However, there
are clinical circumstances that can cause hypercalcemia when giving
patients these recommended doses of vitamin D. These conditions
include patients with granulomatous disorders including sarecoidosis,
William syndrome, some lymphomas, and the rare genetic disorder of
the absence of the 25-hydroxyvitamin D-24- hydroxylase [34-37]. The
evidence is clear that vitamin D toxicity is one of the rarest medical
conditions and is typically due to intentional or inadvertent intake of
extremely high doses of vitamin D (usually in the range of >50,000-
100,000 IU/day for months to years) [38]. Glucocorticoids have been
routinely used to treat patients with vitamin D intoxication. However,
the adverse effects of treatment can be considerable, including the
increased risk for gastrointestinal bleeding, aseptic necrosis of the hip
and infectious diseases. Simply reducing the calcium intake, wearing
sun protection to prevent vitamin D production, and eliminating all
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vitamin D from dietary sources will result in a gradual decrease in
serum 25(OH)D levels, with no significant sequel from the toxicity
[34,37].

Discussion

The prevalence of vitamin D deficiency due mostly to sun
deprivation in a sun-blessed country among young-adult Emiratis.
The results of all these studies emphasize the need for urgent measures
in the Middle East to avoid long-term complications related to
vitamin D deficiency; e.g. vitamin D supplementation, life style and
fortification of some highly consumed food, milk and other dairy
products. Educational endeavors about sensible sun exposure should
be implemented to improve vitamin D status among this population.
Women had a higher measure of sun avoidance attitude, suggesting
that the sex differences in 25(OH) D concentrations aree attributed
to behavior toward sun avoidance or exposure. Emirati women and
men usually cover most of the body for cultural and religious reasons;
however, our data show that women tend to avoid the sun more than
do men. The mean serum 25(OH)D concentration for females tested
in winter was significantly higher than that in summer. This seasonal
pattern is the opposite of what is reported for many countries. This
finding could be attributed to the fact that winter in Abu Dhabi is cool
yet sunny, hence residents tend to engage highly in outdoor activities-
in contrast to the summer, which is humid and extremely hot, a time
when people significantly limit their outdoor activities. The observed
differences in serum 25(OH) D by season aree in concordance with the
findings reported by Saadi et al. [37] who indicated that optimal levels
were obtained in April compared with August and October. There was
a seasonal variation in the blood status of 25(OH)D due to increased
sun exposure. The exposure time was noted between 11 in the morning
and 3 in the afternoon. Mean serum 25(OH)D concentrations were
higher in April, which marks the end of the short, cool winter season
and lower in October, which marks the end of the hot summer season.
Although many studies have reported the inverse association between
BMI and serum 25(OH)D concentrations, few have also demonstrated
the absence of correlation in some populations. Further exploration
of how to remedy vitamin D deficiency in Emiratis is needed. Staple
foods are hence good targets for food fortification, provided that the
right recommended intake is really attained. Jordan recently issued a
food policy that mandates the fortification of bread with vitamin D
[38,39]. However, the amount of vitamin D in food would have to be
about 1,000-3,000 IU/day to be effective in increasing serum 25(OH)
D status to the 100 nmol/L that optimal health requires [40-42]. This
study documents the prevalence of vitamin D deficiency due mostly to
sun deprivation in a sun-blessed country among Emiratis. The results
of all these studies emphasize the need for urgent measures in our part
of the world to avoid long-term complications related to vitamin D
deficiency; these measures include vitamin D supplementation and
fortification of some highly consumed food, milk and other dairy
products. Educational endeavors about sensible sun exposure should
be implemented to improve vitamin D status among this population.
Whether Emiratis are predisposed to vitamin D deficiency by inability
to maintain adequate vitamin D status (due mainly to sun avoidance)
or the possible existence of polymorphism in the vitamin D receptor
gene or other related genes is worth investigating [43]. Other recent
publications based on the Elecsys assay have confirmed that the assay
has good precision and accuracy, and shows close agreement to other
well established methods for 25-OHD analysis, making it very suitable
for routine assessment of vitamin D status [44-47]. In conclusion,
the Elecsys assay demonstrated low imprecision, high sensitivity,
good lot-to-lot consistency, as well as good overall agreement with

measurements obtained using LC-MS/MS and HPLC methods. One
key element for establishing a reliable automated immunoassay for
25(OH)D is to ensure high consistency in the production of individual
assay components. For a routine vitamin D assay, it has been calculated
that the total imprecision (within-laboratory precision should be <10%
and the data in earelier publication show that the Elecsys assay fulfills
this requirement [48]. Recent publications based on the Elecsys assay
have confirmed that the assay has good precision and accuracy, and
shows close agreement to other well established methods for 25(OH)
D analysis, making it very suitable for routine assessment of vitamin D
status [49].

Conclusion

Research during the last two decades in the field of vitamin D
suggests that vitamin D is much more than a nutrient needed for bone
health; it is an essential hormone required for regulation of a large
number of physiologic functions. All studies, in virtually all nations,
irrespective of latitude, show that the majority of the world’s population
has insufficient vitamin D status. It is clear that sufficient levels of
serum 25(OH)D are essential for optimizing human health. However,
many questions remain unanswered. For example, what levels of
serum 25(OH)D are optimal? What amount of supplementation or
sunlight exposure is needed to achieve and maintain these optimum
levels? There is a growing consensus among the leading researchers
in the field of vitamin D that the optimal range for 25(OH)D values
lies above 30 to 32 ng/mL (75-80 nmol/L) for most populations, and it
seems prudent that persons at high risk of vitamin D deficiency and/or
insufficiency have their serum 25(OH)D levels assessed. Elecsys assay
have confirmed that the assay has good precision and accuracy, and
shows close agreement to other well established methods for 25(OH)
D analysis, making it very suitable for routine assessment of vitamin D
status. Successful completion of clinical trials is essential to establish
the efficacy and safety of vitamin D supplementation on a population
level. Public education should be provided about the safety of vitamin
D supplementation and the value of sensible sunlight exposure. Last
but not least, still there are questions to be answered: Should vitamin
D, a natural product be subject to the same stringent methods used to
test novel drugs? What is the optimal method of delivery of vitamin
D, oral therapy or stops therapy, is it daily, monthly or weekly
supplementation? Are there genetic variants in vitamin D metabolism
in the Middle East responsible for endemic vitamin D deficiency
regionally? What is the role of atmospheric pollution (overhead sand,
carbon emissions, clouds) in inhibiting the sun’s UVB rays reaching
the ground?

Acknowledgements

We thank VPS Health care for the generous financial assistance given to
establish R & D Division. The vision of medical research, continuous encouragement
and support for publications by Dr. Shamsher VP, the managing Director of VPS
Health is highly acknowledged.

References

1. Vieth R (2004) Why the optimal requirement for Vitamin D3 is probably much
higher than what is officially recommended for adults. J Steroid Biochem Mol
Biol 89-90: 575-9.

2. Pettifor JM (2005) Vitamin D deficiency and nutritional rickets in children in
vitamin D. In: Feldman D, Pike JW, Glorieux FH (eds), Vitamin D. (2ndedn)
Boston: Elsevier Academic Press. Pp.1065-1084.

3. Haq A (2015) Vitamin D deficiency: A global phenomenon; Presented to the
18th Vitamin D Workshop, Delft, the Netherlands, April, pp. 21-24.

4. Anouti AF, Thomas J, Abdel-Wareth L, Rajah J, Grant WB, et al. (2011)
Vitamin D deficiency and sun avoidance among university students at Abu
Dhabi, United Arab Emirates. Dermatoendocrinol 3: 235-239.

J Chromatogr Sep Tech
ISSN: 2157-7064 JCGST, an open access journal

Volume 6 ¢ Issue 4 + 1000276


http://www.ncbi.nlm.nih.gov/pubmed/15225842
http://www.ncbi.nlm.nih.gov/pubmed/15225842
http://www.ncbi.nlm.nih.gov/pubmed/15225842
http://www.ncbi.nlm.nih.gov/pubmed/22259650
http://www.ncbi.nlm.nih.gov/pubmed/22259650
http://www.ncbi.nlm.nih.gov/pubmed/22259650

Citation: Afrozul H, Chareles S (2015) Vitamin D Deficiency, Metabolism and Routine Measurement of its Metabolites [25(OH)D2 and 25(OH)D3]. J

Chromatogr Sep Tech 6: 275. doi:10.4172/2157-7064.1000276

Page 5 of 5

2

o

2

=

22.

23.

24.

25.

26.

27.

28.

29.

. National

Marwaha RK, Tandon N, Reddy DR, Aggarwal R, Singh R, et al. (2005) Vitamin
D and bone mineral density status of healthy schoolchildren in northern India.
Am J Clin Nutr 82: 477-482.

El-Hajj FG, Nabulsi M, Choucair M, Salamoun M, Shahine CH, et al. (2001)
Hypovitaminosis D in healthy schoolchildren. Pediatrics 107: E53.

McGrath JJ, Kimlin MG, Saha S, Eyles DW, Parisi AV (2001) Vitamin D
insufficiency in south-east Queensland. Med J Aust 174: 150-151.

Holick MF (2007) Vitamin D deficiency. N Engl J Med 357: 266-281.
Leaf DE (2010) Calcium kidney stones. N Engl J Med 363: 2470-2471.

. Nieves JW, Komar L, Cosman F, Lindsay R (1998) Calcium potentiates the

effect of estrogen and calcitonin on bone mass: review and analysis. Am J
Clin Nutr 67: 18-24.

. Vezzoli G, Soldati L, Arcidiacono T, Terranegra A, Biasion R, et al. (2005)

Urinary calcium is a determinant of bone mineral density in elderly men
participating in the INCHIANTI study. Kidney Int 67: 2006-2014.

. Selected Food Sources of Vitamin D (2009) US Department of Agriculture,

Agricultural Research Service USDA Nutrient Database for Standard
Reference, Release 27.

Academy of Science (1999) Dietary Reference Intakes for
Calcium,Magnesium,Phosphorus, Vitamin D, and Fluoride Washington, DC:
National Academies Press.

. Bordelon P, Ghetu MV, Langan RC (2009) Recognition and management of

vitamin D deficiency. Am Fam Physician 80: 841-846.

. van Etten E, Mathieu C (2005) Immunoregulation by 1,25-dihydroxyvitamin D3:

basic concepts. J Steroid Biochem Mol Biol 97: 93-101.

. Christakos S, Ajibade DV, Dhawan P, Fechner AJ, Mady LJ (2010) Vitamin D:

metabolism. Endocrinol Metab Clin North Am 39: 243-253.

. Sigmundsdottir H, Pan J, Debes GF, Alt C, Habtezion A, et al. (2007) DCs

metabolize sunlight-induced vitamin D3 to 'program' T cell attraction to the
epidermal chemokine CCL27. Nat Immunol 8: 285-293.

.Rachez C, Lemon BD, Suldan Z, Bromleigh V, Gamble M, et al. (1999) Ligand-

dependent transcription activation by nuclear receptors requires the DRIP
complex. Nature 398: 824-828.

. Kennel KA, Drake MT, Hurley DL (2010) Vitamin D deficiency in adults: when

to test and how to treat. Mayo Clin Proc 85: 752-757.

. Erler K (1998) Elecsys immunoassay systems using electrochemiluminescence

detection. Wien Klin Wochenschr 110 Suppl 3: 5-10.

.Emmen JM, Wielders JPM, Boer AK, van den Ouweland JMW, Vader HL

(2012) The new Roche Vitamin D Total assay: Fit for its purpose? Clin Chem
Lab Med 50:1969-1972.

Holick MF (2005) Vitamin D for health and in chronic kidney disease. Semin
Dial 18: 266-275.

Hart GR, Furniss JL, Laurie D, Durham SK (2006) Measurement of vitamin D
status: background, clinical use, and methodologies. Clin Lab 52: 335-343.

Houghton LA, Vieth R (2006) The case against ergocalciferol (vitamin D2) as a
vitamin supplement. Am J Clin Nutr 84: 694-697.

Singh RJ (2008) Are clinical laboratories prepared for accurate testing of
25-hydroxy vitamin D? Clin Chem 54: 221-223.

Yetley EA, Pfeiffer CM, Schleicher RL, Phinney KW, Lacher DA, et al. (2010)
NHANES monitoring of serum 25-hydroxyvitamin D: a roundtable summary. J
Nutr 140: 2030S-20458S.

Chen H, McCoy LF, Schleicher RL, Pfeiffer CM (2008) Measurement of
25-hydroxyvitamin D3 (250HD3) and 25-hydroxyvitamin D2 (250HD2) in
human serum using liquid chromatography-tandem mass spectrometry and its
comparison to a radioimmunoassay method. Clin Chim Acta 391: 6-12.

Hunty A, Wallace AM, Gibson S, Viljakainen H, Lamberg-Allardt C, et al.
(2010) UK Food Standards Agency Workshop Consensus Report: the choice
of method for measuring 25-hydroxyvitamin D to estimate vitamin D status for
the UK National Diet and Nutrition Survey. Br J Nutr 104: 612-619.

Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM, Hanley DA, et
al. (2011) Evaluation, treatment, and prevention of vitamin D deficiency: an
Endocrine Society clinical practice guideline. J Clin Endocrinol Metab 96:
1911-1930.

30

31.

32.

33.

34.

35.

36

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

. Society for Adolescent Health and Medicine (2013) Recommended vitamin

D intake and management of low vitamin D status in adolescents: a position
statement of the society for adolescent health and medicine. J Adolesc Health
52: 801-803.

Ross AC, Manson JE, Abrams SA, Aloia JF, Brannon PM, et al. (2011) The
2011 report on dietary reference intakes for calcium and vitamin D from the
Institute of Medicine: what clinicians need to know. J Clin Endocrinol Metab
96: 53-58.

Jackson RD, LaCroix AZ, Gass M, Wallace RB, Robbins J, et al. (2006)
Calcium plus vitamin D supplementation and the risk of fractures. N Engl J
Med 354: 669-683.

Holick MF (2015) Vitamin D Is Not as Toxic as Was Once Thought: A Historical
and an Up-to-Date Perspective. Mayo Clin Proc 90: 561-564.

Wacker M, Holick MF (2013) Sunlight and Vitamin D: A global perspective for
health. Dermatoendocrinol 5: 51-108.

Friedman WF, Roberts WC (1966) Vitamin D and the supravalvar aortic
stenosis syndrome. The transplacental effects of vitamin D on the aorta of the
rabbit. Circulation 34: 77-86.

. Schlingmann KP, Kaufmann M, Weber S, Irwin A, Goos C, et al. (2011)

Mutations in CYP24A1 and idiopathic infantile hypercalcemia. N Engl J Med
365: 410-421.

Hossein-nezhad A, Holick MF (2013) Vitamin D for health: a global perspective.
Mayo Clin Proc 88: 720-755.

Saadi HF, Reed RL, Carter AO, Dunn EV, Qazaq HS, et al. (2003) Quantitative
ultrasound of the calcaneus in Arabian women: relation to anthropometric and
lifestyle factors. Maturitas 44: 215-223.

Natri AM, Salo P, Vikstedt T, Palssa A, Huttunen M, et al. (2006) Bread fortified
with cholecalciferol increases the serum 25-hydroxyvitamin D concentration in
women as effectively as a cholecalciferol supplement. J Nutr 136: 123-127.

Mocanu V, Stitt PA, Costan AR, Voroniuc O, Zbranca E, et al. (2009) Long-term
effects of giving nursing home residents bread fortified with 125 microg (5000
1U) vitamin D(3) per daily serving. Am J Clin Nutr 89: 1132-1137.

Grant WB, Cross HS, Garland CF, Gorham ED, Moan J, et al. (2009) Estimated
benefit of increased vitamin D status in reducing the economic burden of
disease in western Europe. Prog Biophys Mol Biol 99: 104-113.

Grant WB (2009) In defense of the sun: An estimate of changes in mortality
rates in the United States if mean serum 25-hydroxyvitamin D levels were
raised to 45 ng/mL by solar ultraviolet-B irradiance. Dermatoendocrinol 1: 207-
214.

Zittermann A (2010) The estimated benefits of vitamin D for Germany. Mol Nutr
Food Res 54: 1164-1171.

Lai JK, Lucas RM, Clements MS, Harrison SL, Banks E (2010) Assessing
vitamin D status: pitfalls for the unwary. Mol Nutr Food Res 54: 1062-1071.

Knudsen CS, Nexo E, Hgjskov CS, Heickendorff L (2012) Analytical validation
of the Roche 25-OH Vitamin D Total assay. Clin Chem Lab Med 50: 1965-
1968.

Farrell C, Soldo J, Williams P, Herrmann M (2012) 25-Hydroxyvitamin D testing:
challenging the performance of current automated immunoassays. Clin Chem
Lab Med 50: 1953-1963.

Herrmann M (2012) The measurement of 25-hydroxy vitamin D - an analytical
challenge. Clin Chem Lab Med 50: 1873-1875.

CLSI (2004) Evaluation of Precision Performance of Quantitative Measurement
Methods; Approved Guideline (2ndedn) CLSI document EP05-A2 Wayne, PA:
Clinical Laboratory Standards Institute.

Stockl D, Sluss PM, Thienpont LM (2009) Specifications for trueness
and precision of a reference measurement system for serum/plasma
25-hydroxyvitamin D analysis. Clin Chim Acta 408: 8-13.

J Chromatogr Sep Tech
ISSN: 2157-7064 JCGST, an open access journal

Volume 6 ¢ Issue 4 + 1000276


http://www.ncbi.nlm.nih.gov/pubmed/16087996
http://www.ncbi.nlm.nih.gov/pubmed/16087996
http://www.ncbi.nlm.nih.gov/pubmed/16087996
http://www.ncbi.nlm.nih.gov/pubmed/11335774
http://www.ncbi.nlm.nih.gov/pubmed/11335774
http://www.ncbi.nlm.nih.gov/pubmed/11247622
http://www.ncbi.nlm.nih.gov/pubmed/11247622
http://www.ncbi.nlm.nih.gov/pubmed/17634462
http://www.nejm.org/doi/full/10.1056/NEJMc1011349
http://www.ncbi.nlm.nih.gov/pubmed/9440370
http://www.ncbi.nlm.nih.gov/pubmed/9440370
http://www.ncbi.nlm.nih.gov/pubmed/9440370
http://www.ncbi.nlm.nih.gov/pubmed/15840051
http://www.ncbi.nlm.nih.gov/pubmed/15840051
http://www.ncbi.nlm.nih.gov/pubmed/15840051
http://www.ars.usda.gov/Services/docs.htm?docid=8964
http://www.ars.usda.gov/Services/docs.htm?docid=8964
http://www.ars.usda.gov/Services/docs.htm?docid=8964
http://www.nap.edu/openbook.php?record_id=5776&page=R2
http://www.nap.edu/openbook.php?record_id=5776&page=R2
http://www.nap.edu/openbook.php?record_id=5776&page=R2
http://www.ncbi.nlm.nih.gov/pubmed/19835345
http://www.ncbi.nlm.nih.gov/pubmed/19835345
http://www.ncbi.nlm.nih.gov/pubmed/16046118
http://www.ncbi.nlm.nih.gov/pubmed/16046118
http://www.ncbi.nlm.nih.gov/pubmed/20511049
http://www.ncbi.nlm.nih.gov/pubmed/20511049
http://www.ncbi.nlm.nih.gov/pubmed/17259988
http://www.ncbi.nlm.nih.gov/pubmed/17259988
http://www.ncbi.nlm.nih.gov/pubmed/17259988
http://www.ncbi.nlm.nih.gov/pubmed/10235266
http://www.ncbi.nlm.nih.gov/pubmed/10235266
http://www.ncbi.nlm.nih.gov/pubmed/10235266
http://www.ncbi.nlm.nih.gov/pubmed/20675513
http://www.ncbi.nlm.nih.gov/pubmed/20675513
http://www.ncbi.nlm.nih.gov/pubmed/9677667
http://www.ncbi.nlm.nih.gov/pubmed/9677667
http://www.ncbi.nlm.nih.gov/pubmed/22752789
http://www.ncbi.nlm.nih.gov/pubmed/22752789
http://www.ncbi.nlm.nih.gov/pubmed/22752789
http://www.ncbi.nlm.nih.gov/pubmed/16076348
http://www.ncbi.nlm.nih.gov/pubmed/16076348
http://www.ncbi.nlm.nih.gov/pubmed/16955631
http://www.ncbi.nlm.nih.gov/pubmed/16955631
http://www.ncbi.nlm.nih.gov/pubmed/17023693
http://www.ncbi.nlm.nih.gov/pubmed/17023693
http://www.ncbi.nlm.nih.gov/pubmed/18160734
http://www.ncbi.nlm.nih.gov/pubmed/18160734
http://www.ncbi.nlm.nih.gov/pubmed/20881084
http://www.ncbi.nlm.nih.gov/pubmed/20881084
http://www.ncbi.nlm.nih.gov/pubmed/20881084
http://www.ncbi.nlm.nih.gov/pubmed/18279671
http://www.ncbi.nlm.nih.gov/pubmed/18279671
http://www.ncbi.nlm.nih.gov/pubmed/18279671
http://www.ncbi.nlm.nih.gov/pubmed/18279671
http://www.ncbi.nlm.nih.gov/pubmed/20712915
http://www.ncbi.nlm.nih.gov/pubmed/20712915
http://www.ncbi.nlm.nih.gov/pubmed/20712915
http://www.ncbi.nlm.nih.gov/pubmed/20712915
http://www.ncbi.nlm.nih.gov/pubmed/21646368
http://www.ncbi.nlm.nih.gov/pubmed/21646368
http://www.ncbi.nlm.nih.gov/pubmed/21646368
http://www.ncbi.nlm.nih.gov/pubmed/21646368
http://www.ncbi.nlm.nih.gov/pubmed/23701889
http://www.ncbi.nlm.nih.gov/pubmed/23701889
http://www.ncbi.nlm.nih.gov/pubmed/23701889
http://www.ncbi.nlm.nih.gov/pubmed/23701889
http://www.ncbi.nlm.nih.gov/pubmed/21118827
http://www.ncbi.nlm.nih.gov/pubmed/21118827
http://www.ncbi.nlm.nih.gov/pubmed/21118827
http://www.ncbi.nlm.nih.gov/pubmed/21118827
http://www.ncbi.nlm.nih.gov/pubmed/16481635
http://www.ncbi.nlm.nih.gov/pubmed/16481635
http://www.ncbi.nlm.nih.gov/pubmed/16481635
http://www.ncbi.nlm.nih.gov/pubmed/25939933
http://www.ncbi.nlm.nih.gov/pubmed/25939933
http://www.ncbi.nlm.nih.gov/pubmed/24494042
http://www.ncbi.nlm.nih.gov/pubmed/24494042
http://www.ncbi.nlm.nih.gov/pubmed/5949492
http://www.ncbi.nlm.nih.gov/pubmed/5949492
http://www.ncbi.nlm.nih.gov/pubmed/5949492
http://www.ncbi.nlm.nih.gov/pubmed/21675912
http://www.ncbi.nlm.nih.gov/pubmed/21675912
http://www.ncbi.nlm.nih.gov/pubmed/21675912
http://www.ncbi.nlm.nih.gov/pubmed/23790560
http://www.ncbi.nlm.nih.gov/pubmed/23790560
http://www.ncbi.nlm.nih.gov/pubmed/12648885
http://www.ncbi.nlm.nih.gov/pubmed/12648885
http://www.ncbi.nlm.nih.gov/pubmed/12648885
http://www.ncbi.nlm.nih.gov/pubmed/16365070
http://www.ncbi.nlm.nih.gov/pubmed/16365070
http://www.ncbi.nlm.nih.gov/pubmed/16365070
http://www.ncbi.nlm.nih.gov/pubmed/19244376
http://www.ncbi.nlm.nih.gov/pubmed/19244376
http://www.ncbi.nlm.nih.gov/pubmed/19244376
http://www.ncbi.nlm.nih.gov/pubmed/19268496
http://www.ncbi.nlm.nih.gov/pubmed/19268496
http://www.ncbi.nlm.nih.gov/pubmed/19268496
http://www.ncbi.nlm.nih.gov/pubmed/20592792
http://www.ncbi.nlm.nih.gov/pubmed/20592792
http://www.ncbi.nlm.nih.gov/pubmed/20592792
http://www.ncbi.nlm.nih.gov/pubmed/20592792
http://www.ncbi.nlm.nih.gov/pubmed/20373291
http://www.ncbi.nlm.nih.gov/pubmed/20373291
http://www.ncbi.nlm.nih.gov/pubmed/20397196
http://www.ncbi.nlm.nih.gov/pubmed/20397196
http://www.ncbi.nlm.nih.gov/pubmed/23093282
http://www.ncbi.nlm.nih.gov/pubmed/23093282
http://www.ncbi.nlm.nih.gov/pubmed/23093282
http://www.ncbi.nlm.nih.gov/pubmed/23113977
http://www.ncbi.nlm.nih.gov/pubmed/23113977
http://www.ncbi.nlm.nih.gov/pubmed/23113977
http://www.ncbi.nlm.nih.gov/pubmed/23113976
http://www.ncbi.nlm.nih.gov/pubmed/23113976
http://www.ncbi.nlm.nih.gov/pubmed/19563791
http://www.ncbi.nlm.nih.gov/pubmed/19563791
http://www.ncbi.nlm.nih.gov/pubmed/19563791

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Metabolism 
	Measurement of D2 and D3 Metabolites as Total Vitamin D 
	Discussion
	Conclusion
	Acknowledgements
	Figure 1
	References

