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Abstract
Objective: To determine the incidence trend of 25-hydroxyvitamin D (25(OH)D) values above 50 ng/mL
and associated toxicity.
Patients and Methods: We conducted a retrospective population-based study in Olmsted County,
Minnesota, in the 10-year period from January 1, 2002, through December 31, 2011, by using the
Rochester Epidemiology Project. Individuals were eligible if they resided in Olmsted County during the
study period and had a measured 25(OH)D value above 50 ng/mL. The date of the ﬁrst 25(OH)D value
above 50 ng/mL was considered the index date for incidence determination. Hypercalcemia, the primary
vitamin D toxicity, was considered potentially associated with the 25(OH)D concentration if it was
measured within 3 months of the 25(OH)D measurement, and such cases had a medical record review.
Results: Of 20,308 total 25(OH)D measurements, 1714 (8.4%), 123 (0.6%), and 37 (0.2%) unique
persons had 25(OH)D values above 50, 80 and above, and 100 ng/mL and above, respectively. The ageand sex-adjusted incidence of 25(OH)D values above 50 ng/mL increased from 9 to 233 cases per 100,000
person-years from 2002 to 2011 (P<.001), respectively, and was greatest in persons aged 65 years and
older (P<.001) and in women (P<.001). Serum 25(OH)D values were not signiﬁcantly related to serum
calcium values (P¼.20) or with the risk of hypercalcemia (P¼.24). A medical record review identiﬁed 4
cases (0.2%) in whom 25(OH)D values above 50 ng/mL were temporally associated with hypercalcemia,
but only 1 case had clinical toxicity associated with the highest observed 25(OH)D value of 364 ng/mL.
Conclusion: The incidence of 25(OH)D values above 50 ng/mL increased signiﬁcantly between 2002 and
2011 without a corresponding increase in acute clinical toxicity.
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ecause of increasing awareness of
vitamin D deﬁciency in recent years,1
vitamin D supplement use by the population has increased2 and the prescription of
high-dose vitamin D supplements has gained
attraction in the treatment of vitamin D deﬁciency.3-5 The increasing use of vitamin D supplementation may be associated with increasing risk
of vitamin D toxicity, primarily hypercalcemia.
Existing data on vitamin D toxicity have been
drawn almost exclusively from individual case
reports and small case series. To date, the
population-based incidence of hypervitaminosis
D and associated toxicity has not been directly

studied using serum 25-hydroxyvitamin D
(25(OH)D) concentrations, the accepted measure
of vitamin D status. The 25(OH)D concentrations at which toxicity is evident have proven
to be difﬁcult to determine.6,7 Most reports
on acute vitamin D toxicity involve serum
25(OH)D values above 140 ng/mL (to convert
to nmol/L, multiply values by 2.496),8 with
the primary clinical manifestation being hypercalcemia and its associated symptoms.7-11
In a vitamin D risk assessment, Hathcock
et al12 concluded that a reasonable and safe
tolerable upper intake level (UL) should be
10,000 IU of vitamin D per day, which
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corresponds to a serum 25(OH)D concentration of approximately 100 ng/mL. In 2011,
the Endocrine Society13 incorporated these
levels into its guidelines for the treatment
and prevention of vitamin D deﬁciency.
Earlier in the same year, the Institute of Medicine (IOM) had released its recommendations
in the Dietary Reference Intakes for Calcium and
Vitamin D. The IOM committee reviewed
several studies that reported that chronic
ingestion of excess vitamin D resulting in
25(OH)D values above 30 to 60 ng/mL may
be associated with an increased risk of allcause mortality, cardiovascular disease, fractures, and falls.7 By taking a cautious approach
to the evidence, the committee recommended
a UL of 4000 IU, corresponding to a serum
25(OH)D concentration of 50 ng/mL.
Our objectives were to determine the incidence trend of 25(OH)D values above 50 ng/mL
from 2002 to 2011 and their association with
hypercalcemia. We hypothesized that owing
to increased awareness of vitamin D deﬁciency
and vitamin D supplementation during this
period, the incidence of 25(OH)D values above
50 ng/mL and vitamin D toxicity, as evidenced
by hypercalcemia, has increased.
PATIENTS AND METHODS
Olmsted County and the Rochester
Epidemiology Project
Data from the Rochester Epidemiology Project
(REP) were used to determine the incidence
trend of 25(OH)D values above 50 ng/mL in
the 10-year period from January 1, 2002,
through December 31, 2011. The REP database
is a rare example of a population-based medical
record linkage system that includes more than
50 years of health care utilization, diagnostic,
and laboratory data of virtually all medical care
providers within Olmsted County, Minnesota,
covering 98% of all health care services provided
to Olmsted County residents.14 The county is
served by 2 large integrated health systemsd
Mayo Clinic and Olmsted Medical Centerd
including primary through tertiary services,
outpatient care, and hospital care.15,16 More
than 95% of the Olmsted County population
has not refused the medical records research
authorization required by Minnesota law, thus
allowing their records to be used for
research.17,18
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Olmsted County is located in the upper
midwestern United States (44 N latitude) and
has limited sun exposure for residents in winter
months. The population of Olmsted County
increased from 135,897 to 148,700 from
2002 to 2011. In the 2000 and 2010 censuses,
the proportions of Olmsted County residents
classiﬁed as white, black, Asian, and Hispanic
were 90% and 86%, 2.7% and 4.8%, 4.3%
and 5.5%, and 2.4% and 4.2%, respectively.
The proportions of men were 49% and 48%,
and the proportions of individuals aged 65
years and older were 11% and 13%, respectively. Compared with the entire US 2010 population, the county is less ethnically diverse
(white, 72% vs 86%), more educated (high
school graduates, 85% vs 94%), and wealthier
(median household income, $51,914 vs
$64,090). However, the characteristics of the
population are similar to those of the overall
population of the upper Midwest.19
Operational Deﬁnitions
The date of the ﬁrst 25(OH)D value above 50
ng/mL for each individual was considered the
index date for incidence determination, and
the 25(OH)D value on the index date was
used for further analysis. A 25(OH)D threshold
of 50 ng/mL was chosen on the basis of the
2011 IOM committee’s recommendation of
50 ng/mL as a safe 25(OH)D UL.7
Hypercalcemia was deﬁned as serum total
calcium or ionized calcium concentration greater
than the laboratory upper limit of normal for sex
and age (total calcium >10.1 mg/dL or ionized
calcium >5.7 mg/dL in adults older than 21
years; to convert to mmol/L, multiply by
0.0259). Calcium reference ranges for all age
groups are listed in Table 1. Hypercalcemia was
considered potentially associated with the
25(OH)D concentration if it was measured 3
months before or after the index date. On the
basis of medical record review, hypercalcemia
was attributed to vitamin D when a temporal increase in calcium concentration was associated
with the 25(OH)D value, with resolution of hypercalcemia after the cessation of vitamin D supplementation, in the absence of another clinical
cause of hypercalcemia.
Patients
The institutional review boards of Mayo Clinic
and Olmsted Medical Center approved the study.
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Individuals of all ages were eligible for study if
they resided in Olmsted County anytime during
the 10-year period from January 1, 2002,
through December 31, 2011; had not refused
research authorization; and had a measured
25(OH)D value above 50 ng/mL during their residency in Olmsted County.
We reviewed the medical records and laboratory data of patients who had both 25(OH)D
values above 50 ng/mL and hypercalcemia
within 3 months of the index date to determine
whether hypercalcemia could be attributed to
vitamin D or another cause as deﬁned above.
Information abstracted from the medical record
included age, sex, race, duration, and dosage of
vitamin D and calcium supplement, other medical diagnoses, medications, laboratory values,
and reported symptoms.
Laboratory Methods
All 25(OH)D tests ordered in Olmsted County
were sent for measurement to the Mayo Clinic
Laboratory during the study period. Before
November 2, 2004, the 25(OH)D value was
measured by using radioimmunoassay (DiaSorin), with an interassay coefﬁcient of variation
of 12% to 14%. After November 2, 2004, the
25(OH)D value was measured by using isotope
dilution liquid chromatography-tandem mass
spectrometry, with an interassay coefﬁcient of
variation of 3.7% to 11%. Internal validation
studies at Mayo Clinic found that the 2 methods
were comparable in their measurement of the
true concentration of 25(OH)D. (Data were
obtained from R. Singh, PhD, personal oral
and written communication, January 22, 2014.)
Statistical Analyses
Annual incidence rates for each sex and age group
were calculated by dividing the number of cases
with 25(OH)D values above 50 ng/mL by REP
census population estimates. The REP census
data provide a validated, virtually complete
enumeration of the Olmsted County population
at any point in time.19,20 Estimates from the Minnesota State Demographic Center were used to
aid in linear interpolation between census years.
Incidence rates per 100,000 person-years were
age- and sex-adjusted to the population structure
of the 2010 US total population to improve generalization to the entire US population.
Mayo Clin Proc. n May 2015;90(5):577-586
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TABLE 1. Characteristics of Patients With Serum 25(OH)D Values >50 ng/mLa
Age distribution (y), No. (%) (n¼1714)
0-18
19-49
50-64
65-97
Sex, No. (%) (n¼1714)
Male
Female
Race, No. (%) (n¼1714)
White
Black
Asian
Other or unknown
Serum 25(OH)D, No. of patients (% of total tests) (n¼20,308)
25(OH)D >50 ng/mLb
Female
Male
25(OH)D 80 ng/mL
Female
Male
25(OH)D 100 ng/mL
Female
Male
Seasonal distribution, No. (%) (n¼1714)
May-October
November-April
Serum calcium in patients with 25(OH)D >50 ng/mL (n¼1714)
Calcium level measured within 3 mo of the index date,
No. (%)
Hypercalcemia,c No. (% of patients with calcium
measurement)
Serum calcium in patients with 25(OH)D 51-79 ng/mL
(n¼1591)
Calcium level measured within 3 mo of the index date,
No. (%)
Hypercalcemia, No. (% of patients with calcium measurement)
Serum calcium in patients with 25(OH)D 80-99 ng/mL (n¼86)
Calcium level measured within 3 mo of the index date,
No. (%)
Hypercalcemia, No. (% of patients with calcium measurement)
Calcium in patients with 25(OH)D 100 ng/mL (n¼37)
Calcium level measured within 3 mo of the index date,
No. (%)
Hypercalcemia, No. (% of patients with calcium measurement)
Renal failure (creatinine >2 mg/dLd), No. (%)

65/1714
472/1714
548/1714
629/1714

(4)
(28)
(32)
(37)

332/1714 (19)
1382/1714 (81)
1601/1714
32/1714
36/1714
45/1714
1714/20,308
1382/20,308
332/20,308
123/20,308
101/20,308
22/20,308
37/20,308
30/20,308
7/20,308

(93)
(1.9)
(2.1)
(2.6)
(8.4)
(6.8)
(1.6)
(0.6)
(0.5)
(0.1)
(0.18)
(0.15)
(0.03)

976/1714 (57)
738/1714 (43)

1070/1714 (62)
165/1070 (15)

988/1591 (62)
151/988 (15)

56/86 (65)
9/56 (16)

26/37 (70)
5/26 (19)
69/1714 (4)

25(OH)D ¼ 25-hydroxyvitamin D.
SI conversion factor: To convert 25(OH)D values to nmol/L, multiply values by 2.496.
c
Hypercalcemia deﬁned in mg/dL units by sex and age group on the basis of reference values from
Mayo Medical Laboratory. SI conversion factor: To convert either total or ionized calcium concentration values to mmol/L, multiply values by 0.259. Mendserum total calcium: >10.1 for ages
>21 y, >10.3 for ages 19-21 y, >10.4 for ages 17-18 y, >10.5 for ages 15-16 y, and >10.6 for
ages 1-14 y. Mendserum ionized calcium: >5.7 for ages >19 y and >5.9 for ages 1-19 y.
Womendserum total calcium: >10.1 for ages >18 y, >10.3 for ages 15-18 y, >10.4 for ages
12-14 y, and >10.6 for ages 1-11 y. Womendserum ionized calcium: >5.7 for ages >17 y and
>5.9 for ages 1-17 y.
d
SI conversion factor: To convert creatinine values to mmol/L, multiply value by 88.4.
a

b
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FIGURE 1. Age- and sex-adjusted incidence trend (per 100,000 person-years) of 25-hydroxyvitamin D
(25(OH)D) values >50 ng/mL from 2002 to 2011: (A) age group (0-18 group is the reference for P
values) and (B) sex (men are the reference for P values).

The relation of incidence rates to age, sex,
and time of diagnosis was accessed by ﬁtting
generalized linear models assuming a Poisson
error structure with a log link function, which
was consistent with a log-linear model. All statistical analyses were performed using SAS version
9.3 (SAS Institute Inc). P values of <.05 were
considered statistically signiﬁcant. Bivariate and
multivariate analyses, including adjustments for
age, year, sex, and population, were performed
to assess the association between 25(OH)D
values above 50 ng/mL and hypercalcemia.
RESULTS
A total of 20,308 25(OH)D tests were performed
on Olmsted County residents between January
2002 and December 2011. Of these tests,
1885 unique persons (9.3%) had a 25(OH)D
value above 50 ng/mL, of which 1714 (91%)
had research authorization allowing record
abstraction. In these 1714 patients, 123 (0.6%)
and 37 (0.2%) had 25(OH)D concentrations
80 ng/mL and above and 100 ng/mL and above,
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Mayo Clin Proc.

n

respectively (see Table 1). The 25(OH)D values
ranged from 51 to 218 ng/mL, with a median
value of 57 ng/mL and one outlier at 364
ng/mL. Patients with 25(OH)D values above
50 ng/mL were predominantly women
(81%), aged 50 years and older (69%), and
white (93%).
In a seasonal analysis, 976 individuals with
25(OH)D values above 50 ng/mL (57%) were
identiﬁed between May and October and 738
(43%) between November and April (P<.001)
(see Table 1). The mean 25(OH)D concentration
was greater in patients detected in winter (62.2
ng/mL with the outlier excluded) than in those
detected in summer (60.6 ng/mL) (P¼.03). The
median value (57 ng/mL) was the same in both
groups. Serum 25(OH)D values 80 ng/mL and
above and 100 ng/mL and above were not significantly related to season.
The age- and sex-adjusted incidence of
25(OH)D values above 50 ng/mL increased
26-fold from 9 to 233 cases per 100,000
person-years from 2002 to 2011 (P<.001)
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FIGURE 2. Age- and sex-adjusted incidence trend (per 100,000 person-years) of elevated vitamin D levels
from 2002 to 2011 in Olmsted County, Minnesota, for patients with 25-hydroxyvitamin D (25(OH)D)
values 80 and 100 ng/mL. P values represent the signiﬁcance of the trend.

(Figure 1). The increase was greatest in women
(from 14 to 358 cases per 100,000; P<.001)
and in persons aged 65 years and older (from
14 to 672 cases per 100,000; P<.001). The incidence also increased signiﬁcantly in patients
with 25(OH)D values 80 ng/mL and above
(P<.001), but not for patients with values 100
ng/mL and above (P¼.09) (Figure 2). The
annual number of 25(OH)D tests obtained
from 2002 to 2011 also increased. After adjustment for the increase in vitamin D testing in a
multivariate model, the increase in the incidence
of 25(OH)D values above 50 ng/mL remained
signiﬁcant (P<.001).
A total of 1070 patients (62%) with
25(OH)D values above 50 ng/mL had serum
calcium levels measured within 3 months of
the index date, with most serum calcium levels
(78%) measured within 1 day of the index
date (Figure 3). Of those with serum calcium
levels measured, 165 (15%) had hypercalcemia. In patients who had 25(OH)D values
51 to 79, 80 to 99, or 100 ng/mL and above,
the number of patients with serum calcium
levels measured within 3 months was 988
(62%), 56 (65%), and 26 (70%), respectively
(see Table 1). Of these, 151 (15%), 9 (16%),
Mayo Clin Proc. n May 2015;90(5):577-586
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and 5 (19%), respectively, had hypercalcemia
(P¼.60 for the trend).
In patients with 25(OH)D values above
50 ng/mL and hypercalcemia, 95 (58%) had
serum parathyroid hormone (PTH) levels
measured within 3 months of the index date
(see Figure 3). Only 3 patients (3%) had low
PTH values (<10 pg/mL), with 21 (22%) in the
normal range (10-27.5 pg/mL), 45 (47%) in the
inappropriately high normal range for hypercalcemia (27.6-55 pg/mL),21 and 26 (27%) in the
high range (>55 pg/mL). Of the 3 with low
PTH, manual abstraction conﬁrmed that only 1
patient had vitamin D toxicity (Table 2). There
were no patients who had documented
sarcoidosis, tuberculosis, lymphoma, or idiopathic infantile hypercalcemia, all known to
cause hypervitaminosis D and hypercalcemia.
Regression analysis revealed no relation
between 25(OH)D levels and serum total calcium levels (R2¼.002; P¼.20) (see Figure 3).
In a multivariate analysis examining the effect
of age, sex, 25(OH)D level, and calendar year
on the risk of hypercalcemia, 25(OH)D values
were not associated with hypercalcemia (odds
ratio [OR], 1.01; P¼.24). However, increasing
age (OR, 1.03; 95% CI, 1.02-1.04), female sex

http://dx.doi.org/10.1016/j.mayocp.2015.02.012
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FIGURE 3. Bivariate plots of serum calcium, 25-hydroxyvitamin D (25(OH)D), and parathyroid hormone
(PTH) data of patients with 25(OH)D values >50 ng/mL. A, Relation of total calcium to 25(OH)D
concentrations (n¼1035). B, Relation of PTH to total calcium (n¼95).

(OR, 1.7; 95% CI, 1.1-2.8), and advancing
calendar year (OR, 1.1; 95% CI, 1.02-1.23)
were associated with an increased risk of
hypercalcemia.
A medical record review of patients with
25(OH)D values 100 ng/mL and above
(n¼37) conﬁrmed ingestion of exogenous
vitamin D supplements in all but one individual. Of these 36 patients, 24 (67%) were taking at least 50,000 IU of either ergocalciferol
(vitamin D2) or cholecalciferol (vitamin D3)
from once weekly to once daily for a duration
of 1 to more than 3 months. In the remainder,
the clinical notes indicated that they were taking high doses of vitamin D supplements, but
the dosages were not speciﬁed.
Of the 1714 patients with 25(OH)D values
above 50 ng/mL, medical record abstraction
revealed only 4 (0.2%) cases in whom the
vitamin D concentration was temporally associated with hypercalcemia (see Table 2). In these
cases, the increase in calcium concentration
from normal to high values was temporally
582
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associated with vitamin D supplementation,
resolution of hypercalcemia after the cessation
of vitamin D supplementation, and no alternative explanation for hypercalcemia (eg, excess
calcium ingestion or primary hyperparathyroidism) was documented, satisfying our deﬁnition of causality. All were adult women who
were taking 50,000 IU of vitamin D at least
weekly for a minimum of 1 month. Three cases
had very mild hypercalcemia and remained
asymptomatic with no associated low PTH
or elevated creatinine values. The only case
of clinical vitamin D toxicity was a 51-yearold woman who presented with a 25(OH)D
value of 364 ng/mL and a serum total calcium
level of 17.5 mg/dL. She was taking 50,000 IU
of vitamin D and 3000 mg of calcium at least
once daily for more than 3 months. She presented with acute kidney injury in the setting of
stage 3 chronic kidney disease, low PTH, and
symptoms of severe hypercalcemia, including
fatigue, anorexia, weight loss, nausea, vomiting,
and confusion.
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TABLE 2. Clinical Characteristics of Patients With Hypercalcemia Temporally Associated With Serum 25(OH)D
Values >50 ng/mLa
25(OH)D
value
Age (y) Sex (ng/mL)b

Serum total
calcium
(mg/dL)c

Vitamin D
dose (IU)

Calcium
dose
(mg/d)

51

F

364

17.5

50,000 (1-4 times per day)

3000

87

F

100

10.8

50,000 (1 time per day)

1800

46

F

90

10.2

50,000 (2 times per week)

1200

66

F

74

10.4

50,000 (1 time per week)

1200

Clinical presentation
Anorexia, weight loss, fatigue, nausea,
vomiting, confusion, headache,
dyspnea, cough, hypertension,
fever, Cr 3 (up from 1.3), PTH 8.7
Asymptomatic, no association with
low PTH or elevated Cr values
Asymptomatic, no association with
low PTH or elevated Cr values
Asymptomatic, no association with
low PTH or elevated Cr values

25(OH)D ¼ 25-hydroxyvitamin D; Cr ¼ creatinine; PTH ¼ parathyroid hormone.
SI conversion factor: To convert 25(OH)D values to nmol/L, multiply values by 2.496.
c
SI conversion factor: To convert serum total calcium concentration values to mmol/L, multiply values by 0.259.
a

b

DISCUSSION
The incidence of 25(OH)D values above 50
ng/mL increased signiﬁcantly from 9 to 233
cases per 100,000 person-years between
2002 and 2011. The greatest increase was in
women and in those aged 65 years and older.
The increasing incidence trend remained signiﬁcant even after adjusting for the increase
in the annual number of 25(OH)D tests. The
increasing incidence was also evident for
25(OH)D values 80 ng/mL and above, with
an increase from 1 to 15 cases per 100,000
person-years. Although the incidence trend
was not signiﬁcant for 25(OH)D values 100
ng/mL and above, likely owing to the small
sample size, there was still an increase from
0 to 5 cases per 100,000 from 2002 to
2011. The increasing incidence of 25(OH)D
values above 50 ng/mL is likely due to the
increasing use of vitamin D supplements,
both self- and physician-prescribed. We found
no corresponding increase in acute clinical
toxicity, which was found only in 1 patient
with a 25(OH)D value of 364 ng/mL.
The prevalence of vitamin D supplementation in persons aged 14 years and older in the
United States increased from 26% between
1988 and 1994 to 35% between 1999 and
2002 to 37% between 2003 and 2006, and it
remained stable at 23% to 37% (varying by
age) in children.22 In addition to vitamin D supplementation for osteoporosis, the explosion of
studies linking vitamin D deﬁciency to many
Mayo Clin Proc. n May 2015;90(5):577-586
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disease states has led to increased prescribing
of vitamin D by physicians.3,5,23,24
In the US population between 2000 and
2004, the mean 25(OH)D concentration ranged
from 23 ng/mL in persons aged 70 years and
older to 31 ng/mL in children aged 1 to 5 years.25
The 25(OH)D values were lowest in women
(25 ng/mL), non-Hispanic blacks (16 ng/mL),
and winter (24 ng/mL). Globally, vitamin D deﬁciency is more prevalent in winter, women, older
age groups, individuals with darker skin, and
high latitudes.26-28 Our patients were predominantly women (81%), aged 50 years and older
(69%), and white (93%), with higher vitamin
D levels found in winter months. These characteristics resemble the demographic characteristics
of individuals with vitamin D deﬁciency, suggesting that those with or at a higher risk of vitamin D
deﬁciency may be taking supplements.
We found that 25(OH)D concentrations
between 51 and 218 ng/mL did not signiﬁcantly alter serum calcium values. This ﬁnding
is consistent with literature reviews of clinically
conﬁrmed cases of vitamin D toxicity in both
adults8 and children11 who show no relation
between serum calcium and 25(OH)D concentrations, even at 25(OH)D values of 200 to 700
ng/mL. Similarly, a recent study reported no
relation between vitamin D supplementation
dose and hypercalcemia.29
The lack of association between 25(OH)D
values above 50 ng/mL and hypercalcemia
was conﬁrmed by multivariate analysis,
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although increasing age, female sex, and
advancing calendar year were associated with
an increased risk of hypercalcemia. Hypercalcemia probably resulted from other causes such
as primary or secondary hyperparathyroidism,
thiazide diuretic use, or calcium supplementation. Of the 4 cases of hypercalcemia that was
temporally associated with elevated 25(OH)D
values, only 1 case had clinical symptoms of
acute toxicity. This case was similar to cases
previously reported in the literature.30,31 Most
cases of acute vitamin D toxicity involve
vitamin D doses of at least 50,000 IU and
25(OH)D concentrations of at least 140 ng/mL
in adults7-9 and vitamin D doses above
240,000 IU and 25(OH)D values above 250
ng/mL in children.11
Our results agree with those of previous
studies demonstrating that clinical vitamin D
toxicity is rare, even with serum 25(OH)D concentrations above 100 ng/mL. It is debatable
how these ﬁndings apply to the most recent
guidelines on vitamin D supplementation.
The Endocrine Society guidelines,13 which
target populations at risk of vitamin D deﬁciency, recommend a daily vitamin D intake
of 10,000 IU as the UL, corresponding to a
25(OH)D concentration of 100 ng/mL. The
UL is the maximum daily intake not expected
to pose any harm to the general population.
Even though we found 3 individuals with
mild hypercalcemia attributed to 25(OH)D in
the 51 to 100 ng/mL range, the clinical importance of this is not clear. These patients had no
associated low PTH, which would be expected
to be suppressed, and no clinical symptoms.
Thus, our results support the position that
25(OH)D values up to 100 ng/mL are unlikely
to cause acute harm.
Even if 25(OH)D values above 50 ng/mL, or
even above 100 ng/mL, are unlikely to cause
acute toxicity, achieving 25(OH)D values
above 50 ng/mL has not been found to be
beneﬁcial, especially for the general population.
On the contrary, several studies have found an
association between 25(OH)D concentrations
above 30 to 60 ng/mL and an increased risk of
all-cause mortality,32-34 cardiovascular disease,32,35,36 cancers,37-39 and falls and fractures.40,41 Furthermore, even in latitudes close
to the equator, maximal sun or other ultraviolet
light exposure seldom increases 25(OH)D values
above 50 to 60 ng/mL.42-44 Without signiﬁcant
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sun exposure, achieving 25(OH)D concentration
above 50 ng/mL requires vitamin D ingestion of
approximately 4000 IU/d in persons older than
8 years,8 which has been deﬁned as the UL for
vitamin D by the IOM.7 Thus, although it is reassuring that acute vitamin D toxicity is associated
with only extreme 25(OH)D values, the potential
for chronic adverse events is of concern and
requires further study.
The strengths of our study include a large
community-based population and access to
all follow-up they may have had related to acute
toxicity from primary through tertiary care.
However, as anticipated in a retrospective analysis, our study had limitations. First, because
only those in the population with a 25(OH)D
measurement were included, additional individuals with 25(OH)D values above 50 ng/mL
who were not tested may not have been recognized, and the true incidence may be greater
than we identiﬁed. Second, of those with
25(OH)D values above 50 ng/mL, 38% had
no concurrent calcium measurement, and the
incidence of hypercalcemia associated with
25(OH)D may have been underestimated.
Third, few patients were assessed for hypercalciuria, which could be present in the absence of
hypercalcemia and reﬂect acute toxicity.
Fourth, we examined only acute toxicity and
did not evaluate potential long-term adverse effects of 25(OH)D values above 50 ng/mL.

CONCLUSION
We provide evidence in a northern population
that the incidence of 25(OH)D values above
50 ng/mL increased dramatically from 2002
to 2011 without a corresponding increase in
acute clinical toxicity. High-dose intermittent
vitamin D supplementation has become established as a means of quickly restoring vitamin
D status to normal and of improving adherence.
We found that most cases of 25(OH)D levels
above 100 ng/mL were associated with prolonged use of high-dose vitamin D supplements,
which are available without a prescription. Until
further studies demonstrate the safety of maintaining 25(OH)D values above 50 ng/mL, we
recommend monitoring serum 25(OH)D and
calcium levels when using intermittent vitamin
D doses of 50,000 IU and above (or daily doses
4000 IU) on a continuous basis. We would
also encourage greater awareness by health
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providers of the doses of nonprescription
vitamin D used by their patients.
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