Send Orders of Reprints at bspsaif@emirates.ae

4 Anti-Cancer Agents in Medicinal Chemistry, 2013, 13, 4-10

Safety Issues of Vitamin D Supplementation
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Abstract: Vitamin D deficiency is a re-emerging global health problem, which is primarily due to inadequate vitamin D synthesis in the
skin. Supplement use is an effective measure to improve vitamin D status. However, some safety issues have to be considered, which are
highlighted in this review article: The concept of vitamin D safety consists of two models, the safe tolerable upper intake level (UL)
method, and the idea of adequate circulating 25-hydroxyvitamin D (25[OH]D) levels. Oral vitamin D intakes up to 250 pg/d have not
been associated with harm. Hypercalcemia, the hallmark of vitamin D intoxication, may only occur if circulating 25(OH)D levels are
consistently above 375-500 nmol/l. However, some observational studies indicate that already circulating 25(OH)D levels > 125 nmol/l
are related to an increased morbidity and mortality risk. Therefore, the Institute of Medicine has set the UL for adults at 100 pg/d, and the
adequate circulating 25(OH)D level at 50 to 125 nmol/I. In clinical practice, oral vitamin D dosing has to consider that the increment in
circulating 25(OH)D depends on baseline 25(OH)D levels and the person’s body weight. It is reasonable to assess 25(OH)D before and
3-6 months after initiation of oral vitamin D administration and to adjust the dose, if necessary. In future, two issues have to be clarified:
First, would it be more appropriate to define instead of a fixed UL a variable UL, based on the individual’s body weight? Second, what
are the underlying mechanisms, if any, for potentially harmful vitamin D effects at circulating 25(OH)D levels between 125 and 375 nmol/l.
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INTRODUCTION

Vitamin D is unique among vitamins in that humans can
produce it themselves in their skin provided they have sufficient
exposure to ultraviolet (UV) B radiation (290-315 nm). Skin
synthesis of vitamin D is very effective. It is assumed that already
10 to 15 minutes of summer sun exposure are sufficient to produce
adequate amounts of vitamin D. Daily full-body exposure to solar
UVB-radiation can be equivalent to an oral vitamin D intake of 250
ug (10,000 international units (1U), to convert ug into 1U multiply
by 40) [1] and probably even more [2]. It is also noteworthy, that
there are no reports of vitamin D intoxications after intensive solar
UVB irradiation [3]. This is due to the fact that daily skin synthesis
of vitamin D reaches a plateau when 15% of the vitamin D
precursor 7-dehydrocholesterol is converted into vitamin D.
Thereafter, vitamin D-inactive substances such as lumisterol and
tachysterol are produced [4]. Data on skin synthesis of vitamin D
are thus a first indication that in apparently healthy free-living
individuals a daily amount of up to 250 ug (10,000 1U) is safe.

For a better understanding of toxic vitamin D effects, the
following paragraph will briefly highlight some aspects of vitamin
D metabolism: Usually, skin synthesis contributes to approximately
80-90% to human vitamin D status. Dietary intake is a second
source of vitamin D. However, only a few marine foods such as eel,
herring and salmon are vitamin D-rich foods, whereas the vitamin
D content of the vast majority of other foods is very small or even
zero. Therefore, in the absence of effective food fortification
programs, dietary vitamin D intake does not exceed 3-5 pg per day
in most individuals [5]. This explains why dietary vitamin D intake
usually contributes only 10-20% to human vitamin D status. In
some populations with a traditionally high intake of specific,
vitamin D-rich marine foods, however, daily vitamin D intakes of
54-62 ug (2,160-2,480 1U) have been reported [6].
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Once in the circulation, vitamin D is converted by a hepatic
hydroxylase into 25-hyroxyvitamin D (25[OH]D). The circulating
25(OH)D level is the best indicator of human vitamin D status. This
level reflects both, skin synthesis of vitamin D and dietary vitamin
D intake. The half-life of 25(OH)D in the circulation is
approximately 3 weeks. As needed, 25(0OH)D is converted in the
kidney to its active hormonal form 1,25-dihydroxyvitamin D
(1,25[0OH],D) in a process which is usually tightly controlled by
parathyroid hormone (PTH) and the phosphaturic hormone
fibroblast growth factor (FGF)-23 [7]. A high percentage of all
vitamin D metabolites circulating in the blood are bound to a
vitamin D specific transport protein, which is named vitamin D
binding protein (DBP). The total binding capacity of DBP for
vitamin D metabolites is approximately 4700 nmol/l (to convert
nmol 25(OH)D per liter into ng 25(OH)D per millilitre divide by
2.496) [8]. Only a small portion of vitamin D metabolites circulate
in the blood in a “free” biologically active form. Cellular vitamin D
actions are mediated by a membrane-bound and a cytosolic vitamin
D receptor (VDR). The VDR is nearly ubiquitously expressed, and
almost all cells respond to vitamin D exposure. Whereas classical
vitamin D actions are related to an improvement in intestinal
calcium and phosphate absorption, nonclassical actions include
important functions in the regulation of cell metabolism,
differentiation, and communication.

In contrast to renal la-hydroxylation, hepatic 25-hydroxylation
of vitamin D is not homeostatically regulated. Notably, intestinal
absorption of orally ingested vitamin D is quantitative, even after
ingestion of high doses. Therefore, very high circulating 25(0OH)D
levels can occur after excessive oral vitamin D intake.

It is however noteworthy that vitamin D intoxication is rarely
seen in the general population. In contrast, vitamin D deficiency is
widespread and a re-emerging global health problem [9]. The main
factors being responsible for lower 25(0OH)D levels are older
age, female sex, higher geographic latitude, winter season, darker
skin pigmentation, less sunlight exposure, avoidance of vitamin D-
rich foods and absence of effective vitamin D fortification.
Therefore, effective measures to improve vitamin D status are
needed. Although exposure to artificial UVB-radiation, e.g. in
institutionalized individuals is possible and also effective, this
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measure is generally time-consuming for all persons involved and
can simultaneously only be applied to a small group of individuals.
Vitamin D supplements bear the opportunity to improve vitamin D
status orally. This measure is inexpensive, effective, and easy to
handle. However, huge amounts of vitamin D can theoretically be
administered orally. Therefore, some safety issues have to be
considered, which are highlighted in this article.

CAUSES AND SYMPTOMS OF VITAMIN D INTOXICATION

Cases of vitamin D intoxication have been described (i) in
patients with established osteoporosis after prescription of
excessive therapeutic vitamin D doses [10,11], (ii) in individuals
who took over-the-counter supplements that accidently contained
vitamin D amounts which were several hundred-fold higher than
declared [12,13], and (iii) in persons who drank milk from a home-
delivery dairy, which was accidently overfortificated with vitamin
D [14,15]. Vitamin D intoxications have also been reported in
British infants during the late 1940s and early 1950s after heavy
enrichment of dried milk powder together with vitamin D-enriched
cereals and in addition to the recommendation of a daily vitamin D
supplement of 17.5-20.0 pug (700-800 1U) [16]. Moreover, the oral
bolus administration in the former German Democratic Republic
against rickets with intermittent doses of 15 mg vitamin D;
(600,000 1U) was associated with symptoms of vitamin D
intoxications [17,18].

The hallmark of vitamin D intoxication is hypercalcemia, which
is due to intestinal calcium hyperabsorption and above all to
calcium resorption from bone. Excess vitamin D does also lead to
hyperphoshatemia. Hypercalcemia and hyperphosphatemia cause
mineralization of various soft tissues including kidneys, heart,
aorta, other blood vessels, and cutaneous tissue [19]. Hypercalciuria
may occur in the absence of hypercalcemia and is related to either
hyperabsorption of calcium in the gut or a renal leak whereby
calcium excretion is enhanced. Both etiologies can lead to
nephrocalcinosis [20]. Vitamin D intoxicated patients suffer from
headache, nausea, vomiting, diarrhea, anorexia, weight loss,
polyuria and polydypsia. Excess vitamin D intake has also been
made responsible for several documented deaths [19]. Vitamin D
intoxication has been widely used as an experimental model for
vascular disease [21].

MECHANISMS OF VITAMIN D INTOXICATION

Three major theories about the mechanism of vitamin D
intoxication have been proposed [22]. All involve increased blood
concentrations of a vitamin D metabolite reaching the VDR of a
target cell. Possible mechanisms of vitamin D intoxication after
excessive oral vitamin D intake include (i) the rise of circulating
1,25(0OH),D concentrations into the toxic range, (ii) the rise of
circulating 25(OH)D to umol/l concentrations and (iii) the rise of
blood concentrations of many vitamin D metabolites thereby
causing release of “free” 1,25(0OH),D, which enters its target cells.

Studies in genetically modified mice, such as FGF23-/- and
Klotho-/- mice that exhibit altered mineral homeostasis due to high
circulating 1,25(0OH),D levels showed features of premature aging
that include retarded growth, osteoporosis, atherosclerosis, ectopic
calcification, immunological deficiency, skin and general organ
atrophy, hypogonadism and short lifespan [23]. However, evidence
that excess circulating 1,25(0OH),D plays a major role in vitamin D
intoxication in humans is limited to specific conditions. In most
cases, where toxicity due to excessive vitamin D intake is observed,
it is rarely accompanied by elevated circulating 1,25(0H),D levels
[22]. This is understandable, because circulating 1,25(0OH),D is
usually tightly regulated by serum levels of PTH and FGF-23, two
hormones that respond to variations in serum calcium and
phosphate. In the granulomatous condition sarcoidosis, however,
consistently elevated circulating 1,25(0OH),D have been described
[24]. This is due to overexpression of unregulated extrarenal lo-
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hydroxylase gene expression (CYP27B1) in the face of normal
circulating 25(OH)D. In clinical practise, there is also a widespread
use of 1,25(0OH),D or other active forms of vitamin D to treat
secondary hyperparathyroidism in chronic kidney disease.
Occasionally, symptoms such as hypercalcemia, hyperphoshaturia
and soft tissue calcification occur, which are most certainly the
result of overexposure of target cells to these physiologically
active vitamin D substances [22]. However, one should clearly
distinguish between the oral intake of these substances and native
vitamin D.

In many cases of excess intake of native vitamin D circulating
25(0OH)D levels rises to 1250 nmol/l or above. Under these
conditions, circulating 1,25(0OH),D falls to almost undetectable
levels [25]. This is understandable because the production of
1,25(0CH),D is suppressed by hypercalcemia and hyper-
phosphatemia and the absence of PTH. 25(0OH)D can, at high
concentrations, become transcriptionally active, leading to
excessive bone resorption and intestinal calcium and phosphate
hyperabsorption. Notably, excess vitamin D intake is equally
hypercalcemic in la-hydroxylase-deficient mice. This clearly
indicates that 1,25(0OH),D is not the toxic agent in case of excessive
oral vitamin D intake and that 25(OH)D itself is probably toxicant
(8].

Toxic vitamin D effects may already occur if circulating
25(0OH)D concentrations are consistently above 375-500 nmol/l
[22]. At these concentrations, circulating 1,25(0H),D is still
measurable. Note that 1,25(0OH),D has a relatively low affinity for
DBP in plasma. In case of vitamin D intoxication, overloading by
various vitamin D metabolites significantly comprises the capacity
of DBP [22]. Consequently, the free concentration of circulating
1,25(0OH),D can increase significantly. This assumption is
supported by findings of elevated free 1,25(0OH),D levels in a
family accidentally intoxicated with vitamin D [22]. Since
1,25(0OH),D has a high affinity for the VDR in its target cells,
1,25(0H),D is transcriptionally very active and may thus, at high
cellular levels, lead to toxic vitamin D effects.

Taken together, available data indicate that all three
mechanisms discussed above may exist in parallel and may
contribute to toxic vitamin D effects. However, the most important
mechanism is probably the toxic effect of 25(OH)D itself at
supraphysiological concentrations in the circulation.

CONCEPTS OF VITAMIN D SAFETY

Vitamin D safety consists of two concepts: One idea of risk
assessment of vitamin D is based on the safe tolerable upper intake
level (UL) method (Fig. 1). The other model is based on the
measurement of circulating 25(OH)D levels (Fig. 2). Both concepts
can complete each other.

The UL method involves three basic, standardized steps: hazard
identification, dose-response evaluation, and derivation of the UL
[26]. Hazard identification includes the collection, organization,
and evaluation of all information pertaining to the adverse effects of
vitamin D. This also includes identification of distinct and highly
sensitive subpopulations. Animal studies can be neglected, since
there is sufficient evidence from healthy adults for establishing a
safe upper limit for oral intake [26].

Dose-response evaluation includes the characterization of the
dose-response between vitamin D intake and adverse effects.
Hypercalcemia is the classic criterion for assessing vitamin D
excess. Theoretically, a no observed adverse effect level (NOAEL)
and a lowest observed adverse effect level (LOAL) should be
established. Plum & DelLuca [25] concluded that, overall, the
toxicity of hypercalcemia becomes evident at vitamin D intakes
above 625 pg/d (25,000 1U). Hathcock et al. [26], following an
analysis of more than 20 publications, concluded that there was no
association between harm and intakes of 250 pg/d (10,000 IU). This
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Fig. (1). Safety range of oral vitamin D intake in adults [ref. 20]. Abbreviation: EAR, estimated average requirement (is estimated to meet the requirement
of 50% of healthy adults in North America); RDA, recommended dietary allowance (should meet the requirement of nearly all (97-98%) healthy adults in
North America; UL, tolerable upper intake level (is the highest level of daily intake that is likely to pose no risk of adverse health effects in almost all

individuals; NOAEL, no observed adverse effect level.
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Fig. (2). Stages of vitamin D status according to circulating 25-hydroxyvitamin D level [ref. 20].

observation is in line with the fact that exposure of skin to UV B
radiation can safely provide an adult with vitamin D in an amount
equivalent to an oral dose of 250 pg/d (10,000 IU). Consequently,
the NOAEL can be set at 250 ug/d (10,000 1U). Most reports
suggest that the toxicity threshold is between 250 pg/d (10,000 1U)
and 1000 ng (40,000 1U) of vitamin D per day [26]. It has been
assumed that individuals with certain conditions, notably
sarcoidosis, tuberculosis, and those treated with thiazide diuretics
are extremely sensitive to excessive vitamin D. However, available
data does not cast doubt on the chosen NOAEL of 250 ng/d,
(10,000 1U) even in these groups of patients [26]. It is also
noteworthy that due to insufficient data, at present it is not possible
to determine a LOAEL.

Before an UL can be determined, uncertainties should be
estimated and an uncertainty factor (UF) should be established. The

larger the uncertainty, the larger the UF and the smaller the UL.
Hathcock et al. [26] have proposed that there is enough evidence
for the confident application of a UF of 1.0. According to this
suggestion, the UL would be 250 pg/d (10,000 1U).

The circulating 25(OH)D concentration is accepted as the most
appropriate indicator of vitamin D status. Selection of a NOAEL for
vitamin D is aided by consideration of how circulating 25(OH)D
levels relate to toxicity. Heaney et al. [27] have shown that at an
intake of 250 pg vitamin Dgs/day (10,000 1U), mean circulating
25(OH)D levels of 220 nmol/l are achieved, which are not
associated with a change in serum calcium. Heaney’s group [28]
has also demonstrated that calcium absorptive input from the gut is
maximized at a circulating 25(OH)D concentration of 80 nmol/l and
does not rise as 25(0OH)D continues to increase to at least 200
nmol/l. Based on these studies, Hathcock et al. [26] have selected a
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25(OH)D level of 220 nmol/l as the healthy adult NOAEL. It is
however noteworthy that the IOM has recently stated that already
circulating 25(OH)D levels above 125 nmol/l should raise concerns
among clinicians about potential adverse effects [29]. This
statement is based on several observational findings indicating that
values above this level are associated with an elevated risk of all-
cause mortality and specific types of cancer [20]. In addition, there
is also evidence for a U-shaped association of circulating 25(OH)D
levels with allergy risk, indicating a high risk at both circulating
25(0OH)D levels below 25 nmol/l and above 135 nmol/ [30].
However, it is noteworthy that these observational data do not
reflect causality. High 25(0OH)D levels may sometimes occur as a
result of low 1,25(0OH),D levels, probably indicating deficient
vitamin D actions at the cellular level [31]. In a randomized
controlled trial [32], an oral bolus of 12,500 pg (500,000 IU) each
autumn to winter for 3 to 5 years resulted in an increased risk of
falls and fractures among older community-dwelling women. The
risk was especially elevated in the first 3 months following dosing
and not in the remaining 9 months of the year. One month after
dosing, mean circulating 25(0OH)D levels of 125 nmol/l were
observed. However, if the half-life of 25(OH)D in the circulation is
considered, it can reliable be assumed that 25(OH)D levels were
considerably higher immediately after dosing. In a more recent
study [33], a single oral bolus of 15,000 ug (600,000 IU) resulted in
an acute rise of circulating 25(OH)D levels up to 168 nmol/l which
was paralleled by an increase in some biochemical markers of bone
resorption, indicating that intermittent high doses of vitamin D
should be used with caution. Nevertheless, it is also noteworthy that
oral vitamin D administration of 2,500 pg (100,000) every four
months over 5 years was safe [34].

Based on the aforementioned associations of circulating
25(OH)D levels with potentially harmful effects, the IOM followed
an approach that should maximize public health protection with
respect to adverse vitamin D effects. The observation that 250 pg
(10,000 IU) of vitamin D per day was not associated with classic
toxicity served as the starting point for adults. In contrast to
Hathcock et al. [26]; however, the IOM corrected this value for
uncertainty by taking into consideration the aforementioned data on
clinical outcomes, which appeared to be present at intakes lower
than those associated with classic toxicity and at serum 25(0OH)D
concentrations previously considered to be at the high end of
physiological values. Possible ethnic/racial differences were taken
into account as well. Therefore, the IOM has set the upper limit of
the adequate range of circulating 25(OH)D at 125 nmol/l (Fig. 2)
and the UL at 100 pg/d (4,000 1U) for adults. The UL values for all
age groups are presented in Table 1.
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Interestingly, the IOM statement is in line with earlier
suggestions that chronic exposure to solar UVB-radiation in
outdoor workers produce circulating 25(OH)D levels of 122 nmoll/l,
which are equivalent to an oral intake of approximately 100 pg/d
(4,000 IU) [26]. However, it is also noteworthy that under sun-rich
living conditions mean circulating 25(OH)D levels of up to 135-163
nmol/l have been reported [35]. Since skin synthesis of vitamin D
does obviously not lead to intoxication, the IOM’s upper limit of
the adequate range of circulating 25(OH)D seems to be very
conservative.

Table 2 presents results of several recently published
intervention studies with oral vitamin D doses of around 100 pg/d
(4,000 IU). Data demonstrate that this dose is safe and results in
mean circulating 25(OH)D levels of 75 to 160 nmol/l.

INCREMENT IN CIRCULATING 25-HYDROXYVITAMIN
D ACCORDING TO ORAL VITAMIN D DOSE

As a rule of thumb, the incremental consumption of 1lpug
(40 1U) of vitamin D3 raises circulating 25(OH)D by 1 nmol/l [8].
This means that a person with a baseline 25(OH)D level of 25
nmol/l has to take 50 pg vitamin D3 (2,000 IU) daily to achieve a
25(0OH)D level of 75 nmol/l, a value which is considered as lower
target value by many vitamin D researchers [41-43]. However, this
is only a rough estimation. The increment in circulating 25(OH)D
depends on various factors including the person’s body weight, the
initial 25(OH)D level, the administered dose and the type of oral
vitamin D.

After oral vitamin D intake, the increment in 25(OH)D is
remarkably similar in different age groups if the oral vitamin D3
dose is expressed per kilogram body weight. In infants, children
and adults [27,38,44-46] the respective dose of vitamin D3, which
results on average in an increase in circulating 25(OH)D of 50
nmol/l is in the magnitude of 0.5 pg (20 1U) to 1.0 pg (40 IU) per
kg body weight per day (20 IU to 40 1U). This also implies that
compared with lean individuals overweight and obese individuals
need considerably higher daily amounts of vitamin D to achieve a
similar circulating 25(OH)D level.

Aloia et al. [47] have summarized from the available literature
the dose-response relationship on the increment in circulating
25(OH)D according to the administered dose. At low doses, e.g. 5
(200 1U) or 10 pg (400 1U), an increment in 25(OH)D of up to 4
nmol/l per microgram oral vitamin D3 can be observed. At high
doses, e.g. 50 pug (2,000 IU) or 100 pg (4,000 IU), the increment in
25(OH)D is only 0.5 to 1.0 nmol/l. Up to a dose of 35 pg/d (1,400
IU), there is a sharp nonlinear decline of the impact of dose on

Table 1. Vitamin D Dietary Reference Intake by Life Stage [ref. 20]
Life Stage Group Al EAR RDA UL
Infants
0-12 mo 10 pg 25 g
6-12 mo 10 pg 38 g
Children and Adolescents 63 nug
1-3 years 10 pg 15 pg 75 ug
4-8 years 10 pg 15pg 100 pug
9-18 years 10 pg 15 pg 100 pug
Adults
19-70 years 10 pg 15 pg 100 pug
>70 years 10 pg 20 g 100 pug
Pregnancy 10 pg 15 pg 100 pg
Lactation 10 png 15 pug 100 pg

Abbreviations: Al, adequate intake, EAR, estimated average requirement; RDA, recommended dietary allowance, UL, tolerable upper intake level.
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Table 2. Effects of High Dose Oral Vitamin D Intake on Circulating 25-hydroxyvitamin D and Serum Calcium Concentrations
Author Year Subjects (n) Vitamin D Duration Mean Initial Mean 25(0OH)D Serum Calcium
Dose 25(0OH)D at Study Termination
Heaney et al. [27] 2003 17 (males) 125 pg/d 160 days 69 nmol/l 160 nmol/Il 1)
Heaney et al. [27] 2003 17 (males) 250 pg/d 160 days 66 nmol/l 224 nmol/l 1)
Maalouf et al. [36] 2008 55 (children) 350 pg/week 1 year 55 nmol/l 90 nmol/Il 1)
Sneve et al. [37] 2008 106 (obese) 500 pg/week 1 year 51 nmol/l 90 nmol/l (4); (2) in 3 cases
Sneve et al. [37] 2008 116 (obese) 1000 pg/week 1 year 55 nmol/l 118 nmol/l (4) (3)in1case
Zittermann et al. [38] 2009 200 (obese) 83 ng/d 1 year 30 nmol/l 86 nmol/l 1) (4
Mocanu et al. [39] 2009 45 (elderly) 125 pg/d 1 year 29 nmol/l 126 nmol/l 1) @
Von Hurst et al. [40] 2010 81 (females) 100 pg/d 1 year 21 nmol/l 75 nmol/l (5)

(1) no case of hypercalcemia; (2) transient hypercalcemia; (3) Hypercalcemia, (4) unchanged serum calcium; (5) no data available.

slope. Above this daily intake level, the serum 25(OH)D response is
proportional to the dose. In total, the rate of decline per pg for
doses less than 35ug (1,400 1U) is -0.085; for doses more than 35
ug (1,400 V), the rate of decline is only -0.0003.

Lips et al. [48], in a study in postmenopausal women, have
demonstrated that an oral vitamin D3 intake of 10 pg (400 IU) to 15
ug (600 IU) daily results in a variable increment in circulating
25(0OH)D, depending on initial 25(OH)D levels. At initial levels of
< 25 nmol/l, 25 to 50 nmol/l and > 50 nmol/l, the increment was on
average 58.4 nmol/l, 39.4 nmol/ and 13.5 nmol/l, respectively. Data
indicate that at high initial 25(OH)D levels vitamin D is not
quantitatively converted into 25(0OH)D. A significant portion of
vitamin D is obviously metabolized otherwise and does not reach
the circulation.

For the improvement of circulating 25(OH)D levels, different
types of vitamin D such as vitamin D, vitamin Dz and also
25(0OH)D; are available. However, there is accumulating evidence
for a considerably lower efficacy at raising circulating 25(OH)D by
vitamin D; compared with vitamin Ds, diminished binding of
vitamin D, metabolites to vitamin D binding protein in plasma, and
a nonphysiologic metabolism and shorter shelf life of vitamin D,
[49]. Since vitamin Djs is the physiologic form that is produced in
human skin following UVB radiation, vitamin D3 supplements
should be preferred. It is also noteworthy that oral 25(0OH)Ds is
much more effective in increasing circulating 25(OH)D compared
with oral vitamin Dsz. Per microgram oral 25(0OH)D3, a mean
increment in circulating 25(OH)D of 4 nmol/l has been reported
compared with 1 nmol/l per microgram oral vitamin D3 [50]. In a
recent study [51], the increment in circulating 25(OH)D per
microgram oral 25(0OH)D; was on average 4.8 nmol/l higher
compared with the increment per microgram oral vitamin Ds.

It has also to be taken into account that vitamin D is a fat
soluble substance. Consequently, bioavailability may be
considerably reduced if vitamin D is ingested in the fasting state. In
other words, vitamin D should be administered in the non-fasting
state, accompanied by a fat-containing meal.

It has been demonstrated that at the population level, a mean
daily vitamin D intake of approximately 100 pg (4,000 IU) is
necessary to achieve a circulating 25(OH)D level of 75 nmol/l in
almost all individuals of a group whose initial 25(OH)D were on
average 30 nmol/l [47]. Consequently, some vitamin D-deficient
patients need more than the amount of 100 ug daily, which the IOM
has set as the UL, to achieve a circulating 25(OH)D level of 75 to
100 nmol/l. It is noteworthy that in the clinical setting even higher
doses than the UL value may be administered if this is necessary
and a close-meshed measurement of safety parameters such as
circulating 25(OH)D, serum calcium and urinary calcium is
guaranteed.

Taken all the aforementioned aspects into account, it makes
sense first to measure baseline 25(OH)D levels in an individual,

then to determine the daily required oral vitamin D dose (according
to initial 25(OH)D level and the individual’s body weight) and to
reassess circulating 25(OH)D levels approximately 3-6 months later
in order to adjust the oral dose, if necessary. It has been shown that
the increase in circulating 25(OH)D is similar when oral vitamin D
is given daily, weekly or monthly, provided that the total amount of
orally ingested vitamin D is identical [52]. It is also of importance
that there is no evidence for a reduction in intestinal vitamin D
absorption or hepatic conversion of vitamin D into 25(0OH)D with
advancing age.

Vitamin D deficiency is very common [9]. Therefore, a
practical vitamin D3 loading dose regimen has also been developed
[53]. The loading dose required to reach the circulating 25(OH)D
target level of 75 nmol/l can be calculated as follows: dose
(ng) = (75 - circulating 25[OH]D) x body weight

CONCLUSIONS

The concept of vitamin D safety consists of a UL and an
adequate circulating 25(OH)D level. In adults, one microgram of
oral vitamin D increases circulating 25(OH)D levels on average by
1nmol/l. Since the effect seems to be more pronounced at low
initial 25(0OH)D levels compared to higher 25(OH)D levels, a daily
dose of 20 pg (800 1U) to 50 pg (2,000 IU) vitamin D is adequate
to prevent deficient 25(0OH)D levels (<30 nmol/l) in almost all
individuals, even if cutaneous vitamin D synthesis is negligible.
The IOM considers an oral daily intake of 100 pug (4,000 1U) as UL
for all adults. However, available data indicate that it would be
more appropriate to adjust oral daily vitamin D intake according to
body weight. Therefore, it may sometimes be that even higher oral
doses than the UL may be given to increase circulating 25(OH)D
levels into the adequate range, e.g. to 75 - 100 nmol/l, a target range
which has recently been associated with the lowest mortality risk in
the general adult population [43]. In clinical practise, the oral daily
vitamin D dose should be determined and adjusted, if necessary, by
measuring circulating 25(OH)D before and 3-6 months after dosing.

According to the IOM, the upper safe level of circulating
25(0OH)D is 125 nmol/l. However, this upper cut-off value is not
well documented and primarily relies on observational studies.
According to the available literature on the hallmark of vitamin D
safety, which is serum calcium, even higher 25(OH)D levels than
125 nmol/l do not cause harm. Additional studies are therefore still
needed to determine the upper safe level of circulating 25(0OH)D
more appropriate.
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