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Vitamin D Is Not as Toxic as Was Once Thought:
A Historical and an Up-to-Date Perspective

I

n the current issue of Mayo Clinic Proceedings, Dudenkov et al1 report on a retrospective study of serum 25-hydroxyvitamin
D (25(OH)D) values in patients registered in
the Rochester Epidemiology Project. The article
reported that although serum 25(OH)D values of
more than 50 ng/mL increased over the 10-year
study period, vitamin D toxicity and hypercalcemia were exceedingly rare. To understand the
importance of this ﬁnding as it relates to clinical
care, it is useful to begin with a review of the
history of hypovitaminosis D diagnosis and
vitamin D replacement, followed by new insights
into vitamin D offered in the recent literature.
In the late 19th and early 20th centuries, there
was evidence of the growth retardation and bony
deformities associated with rickets in more than
80% of the children living in cities on the East
Coast of the United States and in cities throughout
Europe.2 In 1921, Hess and Unger reported that
exposing children to sunlight was an effective
treatment for rickets. This was quickly followed
by the observation that exposure of various foods
to ultraviolet radiation imparted antirachitic activity. This led to the addition of ergosterol to milk
that was then exposed to ultraviolet B radiation,
which resulted in the production of vitamin D2.
With the discoveries of vitamin D2 and vitamin D3
and the development of methods to cheaply
produce these vitamins, they were used to directly
fortify milk with vitamin D.2 Children who drank
vitamin Defortiﬁed milk no longer developed
rickets. As a result of this success, vitamin D
fortiﬁcation became widespread throughout the
United States and Europe.2,3 Not only milk but a
wide variety of foods and beverages were fortiﬁed
with vitamin D, including bread, soda pop, beer,
custard, and even hot dogs.2 In the 1940s,
vitamin D was thought to be effective for treating

rheumatoid arthritis and massive doses of
200,000 to 300,000 IU/d were given. It was
soon realized that these massive doses resulted
in vitamin D intoxication, including hypercalcemia, hyperphosphatemia, nephrocalcinosis,
kidney stones, and soft tissue calciﬁcations.
When the vitamin D treatment was stopped, it
took months to years for the manifestation
of vitamin D intoxication to resolve because
this fat-soluble vitamin (stored in body fat)
continued to be released back into the circulation. Thus, physicians were alerted to the potential of vitamin D being toxic. However, these
experiences did not inﬂuence the fortiﬁcation of
foods and other products with vitamin D,
which persisted until the 1950s.
In Great Britain in the early 1950s, several
cases of infants with facial abnormalities, supravalvular aortic stenosis, mental retardation, and
hypercalcemia were reported.4 This was followed
by reports of hypercalcemia as high as 19 mg/dL
in some infants.3 The Royal College of Physicians
and the British Pediatric Association were
charged with ﬁnding the cause for these unusual
occurrences. After careful scrutiny of the literature and surveys of dietary intake, they
concluded that the most likely causes were the
unregulated overfortiﬁcation of milk with
vitamin D and/or excessive intakes of vitamin D
from various foods fortiﬁed with vitamin D and
natural foods containing vitamin D, including
dried milk and cod liver oil.3,5 Although the
Royal Academy of Physicians admitted that it did
not have any direct evidence for this conclusion,
it based its conclusion on the literature that
reported that pregnant rodents receiving intoxicating doses of vitamin D delivered pups with
altered facial features, supravalvular aortic stenosis, and hypercalcemia.6 The British Pediatric
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Association documented hypercalcemia but only
in a relatively few infants who had approximate
intakes of 1500 to 1725 IU/d of vitamin D. As a
result, legislation was instituted in Great Britain
forbidding the fortiﬁcation of any food or any
product with vitamin D. This concern for
vitamin D toxicity in children led to most of the
world (including countries in Europe, the
Middle East, Asia, Africa, and South America)
banning vitamin D fortiﬁcation of milk. Only
the United States, Canada, and a few European
countries continued to permit milk to be fortiﬁed with vitamin D. However, in retrospect, it is
likely that these infants were suffering either
from the rare genetic disorder William syndrome, which is associated with elﬁn facies,
supravalvular aortic stenosis, mental retardation, and hypercalcemia due to a hypersensitivity to vitamin D, or from other vitamin D
hypersensitivity disorders including sarcoidosis
and 24-hydroxylase deﬁciency.7-9
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.10,11
Vitamin D deﬁciency (25(OH)D level <20
ng/mL) and insufﬁciency (25(OH)D level 21-29
ng/mL) is a worldwide problem.12 The US
Centers for Disease Control and Prevention reported that 33% of children and adults are at risk
for vitamin D deﬁciency.13 Vitamin D is not only
important for maximizing bone health but also
has been implicated in reducing the risk for many
chronic and acute diseases.2,12 With all the
publicity surrounding the health beneﬁts of
vitamin D, health care professionals have begun
to routinely measure serum 25(OH)D levels and
treat their patients with vitamin D. However, the
Institute of Medicine11 raised concerns about
widespread vitamin D supplementation potentially causing harm. Of note, it found that vitamin
D deﬁciency was associated with increased risk for
mortality. However, it cautioned that when
blood levels of 25(OH)D were more than 30
ng/mL, there was the potential for increased risk
for mortality, and it cautioned that blood levels of
25(OH)D should not be more than 50 ng/mL.11
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The current report of Dudenkov et al1 sheds
light on the appropriateness of the Institute of
Medicine recommendation. Dudenkov et al1
evaluated more than 20,000 25(OH)D measurements performed at Mayo Clinic from 2002
to 2011 and related blood levels of 25(OH)D of
more than 50 ng/mL with potential vitamin D
toxicity (as determined by the presence of hypercalcemia). They observed that from 2002 to
2011, there was a more than 20-fold increase in
the number of individuals with serum 25(OH)D
levels of more than 50 ng/mL; however, elevated
serum 25(OH)D levels were not statistically
signiﬁcantly related to serum calcium values.
This discovery of Dudenkov et al1 is logical
because the body tightly controls the conversion
of 25(OH)D to 1,25-dihydroxyvitamin D, which
is responsible for regulating calcium metabolism
by enhancing intestinal calcium absorption and
mobilizing calcium from the skeleton. A study of
healthy adults who received 1000 IU of vitamin
D3 daily for 11 weeks and who raised their blood
levels of 25(OH)D from 22.2  13 to 33.6  7.5
ng/mL reported that blood levels of 1,25dihydroxyvitamin D did not change: baseline,
35.4  13.0 pg/mL; 11 weeks later, 34.3  13.8
pg/mL.14 Dudenkov et al also found that only 1
person with a serum 25(OH)D level of 364 ng/
mL had evidence of clinical toxicity, that is,
hypercalcemia. For comparison, the Endocrine
Society’s practice guidelines on vitamin D state
that vitamin D intoxication is usually not
observed until serum 25(OH)D levels are more
than 150 ng/mL.15
Vitamin D intoxication associated with
hypercalcemia, hyperphosphatemia, and suppressed parathyroid hormone level is typically
seen in patients who are receiving massive doses
of vitamin D in the range of 50,000 to 1 million
IU/d for several months to years. Ekwaru et al16
recently reported on more than 17,000 healthy
adult volunteers participating in a preventative
health program and taking varying doses of
vitamin D up to 20,000 IU/d. These patients did
not demonstrate any toxicity, and the blood level
of 25(OH)D in those taking even 20,000
IU/d was less than 100 ng/mL. For point of
reference, a 25(OH)D level of 100 ng/mL is
considered by the Institute of Medicine, the
Endocrine Society, and many reference laboratories to be the upper limit of normal.11,12,15
There remains concern, however, that
increasing vitamin D intake even by 400 IU/d
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increases the risk for kidney stones, especially
in patients with a history of kidney stones.10
Despite this concern, there is no credible scientiﬁc literature suggesting that such vitamin D
intake increases the risk for kidney stones.12,15
Similarly, data are weak regarding the association between vitamin D intake and cardiovascular calciﬁcations.12 To the contrary, current
evidence suggests that improvement in vitamin
D status reduces the risk for hypertension,
stroke, and myocardial infarction.12
There also remains concern that increasing
vitamin D intake and raising blood levels of
25(OH)D result in a U curve for mortality risk;
that is, when blood levels of 25(OH)D are more
than 30 ng/mL, there is a slight increase in
mortality.11 Is it possible that those with blood
levels of 25(OH)D of more than 50 ng/mL were
being treated for vitamin D deﬁciency and
therefore retained their increased risk for mortality because of their chronic vitamin D deﬁciency
rather than because their blood level of 25(OH)D
was more than 50 ng/mL? The observation by
Dudenkov et al1 clearly demonstrated that likely
because of an increase in the treatment of vitamin
D deﬁciency, there was, over a 10-year period, a
more than 20-fold increase in the number of
patients with a blood level of 25(OH)D of more
than 50 ng/mL.
On the basis of the Dudenkov et al report,
we cannot be sure whether it is vitamin D
prescription by physicians or patients’ selfadministration of large doses of vitamin D
that resulted in serum 25(OH)D levels of
more than 50 ng/mL. The research of Kroll
et al17 may provide some insights. They
evaluated 3.8 million 25(OH)D laboratory
results of adults. They not only reported that
33% and 60% of the samples were less than
20 and less than 30 ng/mL, respectively, but
also that a signiﬁcant number of samples were
more than 50 ng/mL. They used a liquid
chromatography tandem mass spectroscopy
assay and were able to independently measure levels of 25(OH)D2 and 25(OH)D3.
Because most vitamin D supplements and
calcium supplements containing vitamin D
contain vitamin D3, and there is essentially no
vitamin D2 in the diet unless sun-exposed or
ultraviolet-exposed mushrooms are ingested,
the presence of 25(OH)D2 in the sample is
suggestive of the patient being treated for
vitamin D deﬁciency. The reason is that the
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only Food and Drug Administrationeapproved
pharmaceutical form of vitamin D available in the
United States is vitamin D2. Physicians are now
routinely treating patients with 50,000 IU of
vitamin D2 as recommended by the Endocrine
Society’s practice guidelines.15 In the research of
Kroll et al,17 evaluation of all the samples that
had blood levels of 25(OH)D of more than 50
ng/mL revealed that 57% had detectable levels of
25(OH)D2. This suggests that most of the individuals who had 25(OH)D levels of more than
50 ng/mL had such levels because they were
being treated by a physician for vitamin D
deﬁciency.
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.15 (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 sarcoidosis, William syndrome, some
lymphomas, and the rare genetic disorder of the
absence of the 25-hydroxyvitamin D-24hydroxylase.2,6,9,12,15
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/d for months to
years).12 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
vitamin D from dietary sources will result in a
gradual decrease in serum 25(OH)D levels, with
no signiﬁcant sequelae from the toxicity.2,12
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