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10,000-25,000 IU/day are made in the skin in response 
to adequate sunlight exposure.[1-5] 
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Abstract
Background: Vitamin D defi ciency (<32 ng/mL) is a reversible cause of  statin-intolerance, usually requiring vitamin D3 (50,000-
100,000 IU/week) to normalize serum D, allowing reinstitution of  statins. Longitudinal safety assessment of  serum vitamin D, calcium, 
and estimated glomerular fi ltration rate (eGFR) is important. Aims: Prospectively assess the safety-effi cacy of  vitamin D3 therapy. 
Materials and Methods: In 282 statin-intolerant hypercholesterolemic patients for 6 months and in 112 of  the 282 patients for 
12 months, with low-entry serum vitamin D (<32 ng/mL), we assessed safety-effi cacy of  vitamin D3 therapy (50,000-100,000 IU/
week). Results: On mean (66,600 IU) and median (50,000 IU) of  vitamin D3/week in 282 patients at 6 months, serum vitamin D 
rose from pretreatment (21—median) to 46 ng/mL (P < 0.0001), and became high (>100 ng/mL) but not toxic (>150 ng/mL) in 4 
patients (1.4%). Median serum calcium was unchanged from entry (9.60 mg/dL) to 9.60 at 6 months (P = .36), with no trend of  change 
(P = .16). Median eGFR was unchanged from entry (84 mL/min/1.73) to 83 at 6 months (P = .57), with no trend of  change (P = .59). 
On vitamin D3 71,700 (mean) and 50,000 IU/week (median) at 12 months in 112 patients, serum vitamin D rose from pretreatment 
(21—median) to 51 ng/mL (P < 0.0001), and became high (>100 but <150 ng/mL) in 1 (0.9%) at 12 months. Median serum calcium 
was unchanged from entry (9.60 mg/dL) to 9.60 mg/dL and 9.60 mg/dL at 6 months and 12 months, respectively; P > 0.3. eGFR did 
not change from 79 mL/min/1.73 at entry to 74 mL/min/1.73 and 77 mL/min/1.73 at 6 months and 12 months, P > 0.3. There was 
no trend in the change in serum calcium (P > 0.5 for 6 months and 12 months), and no change of  eGFR for 6 months and 12 months, 
P > 0.15. Conclusions: Vitamin D3 therapy (50,000-100,000 IU/week) was safe and effective when given for 12 months to reverse 
statin intolerance in patients with vitamin D defi ciency. Serum vitamin D rarely exceeded 100 ng/mL, never reached toxic levels, and 
there were no signifi cant change in serum calcium or eGFR. 
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Introduction
To understand the safety parameters of therapeutic 
vitamin D supplementation, it is important to know that 
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From 1934 to 1946, supraphysiological doses of 
vitamin D (25(OH)D) were used in the treatment 
of rheumatoid arthritis (200,000-600,000 IU/day),[6] 
60,000-300,000 IU/day for asthma[7] and 100,000-150,000 
IU/day for tuberculosis.[8] However, after months of 
supplementation at these doses, hypercalcemia often 
appeared,[6,7] with reports of resultant deaths.[9,10] 
Subsequently, much smaller doses of vitamin D were 
used to treat rickets, limited to 200 units per day.[11] 

According to the Institute of Medicine, a serum 
25(OH)D level of 25 ng/mL is adequate for most of 
the population[12] while levels >50 are high. However, 
much more widely used clinical normal ranges are 
30-100 ng/mL[13] or 32-100 ng/mL.[4] Serum 25(OH)
D of 100 ng/mL is considered by several groups to 
be the laboratory upper normal limit.[4,13] In treating 
chronic plaque psoriasis, serum vitamin D levels >50 
and ranging up to 112 ng/mL were not a cause for 
concern.[14] 

Many studies have been conducted to assess the adverse 
outcomes of vitamin D supplementation at various 
dose levels.[3,15-19] In normal healthy subjects, no adverse 
outcome was reported by Heaney et al.,[15] giving 836 
IU/day, 5500 IU/day or 11,000 IU/day. Serum vitamin 
D levels rose from 28.1 to 64 ng/mL in 5 months in the 
5,500 IU/day group, and rose to 88 ng/mL in the 11,000 
IU/day group.[15] Ten thousand units/day has been 
proposed as a safe tolerable upper intake level, and it 
has been estimated that serum 25(OH)D levels >240 ng/
mL would be required to result in clinically signifi cant 
hypercalcemia.[16] In 2011, a community-based study 
with 3,667 subjects reported that dosing with 10,000 IU/
day was safe, with no reported serum 25(OH)D level 
>200 ng/mL.[17] With 4,000 IU/day of D3 given for 1 
year in two studies, no adverse effect due to vitamin 
D supplementation was reported,[18,19] and mean serum 
25(OH)D levels after 12 months were 66ng/mL and 67 
ng/mL. 

In a 10-year population study, the incidence of serum 
25(OH)D values >50 ng/mL increased significantly 
without a corresponding increase in serum calcium 
values or with the risk of hypercalcemia.[20] As recently 
summarized by Hossein-Nezhad and Holick, “serum 
25(OH)D levels are usually markedly elevated (>150 
ng/ml) in individuals with vitamin D intoxication,”[21] 
and daily doses of vitamin D3 up to 10,000 IU were safe 
in healthy males.[15,16]

One potential adverse outcome of high dose oral 
vitamin D supplementation might be the development 
of nephrocalcinosis but kidney stone development has 
not been reported for patients taking oral vitamin D3 
up to 11,000 IU per day.[2,15-19] Moreover, there are no 

links reported[22-25] between oral vitamin D intake and 
development of kidney stones. 

Statin-induced myalgia is a major cause of statin 
intolerance[26-30] and is common, reported in 27% of 
the subjects treated with statins.[29] Statin therapy in 
community-dwelling older adults may exacerbate 
muscle performance decline and falls associated with 
aging without a concomitant decrease in muscle mass, 
a reversible effect after the cessation of statins.[31]

Most[24,26-28,32-37] but not all[38-40] recent studies have 
suggested that low serum vitamin D additively or 
synergistically interacts with statins to produce myalgia-
myopathy.

Since myalgia, myositis, myopathy, and/or myonecrosis 
are the major causes of statin intolerance,[41] and the 
association of serum vitamin D deficiency, statin 
treatment, and myalgia, myositis, myopathy and/
or myonecrosis has physiologic plausibility,[42-47] 
resolution of vitamin D deficiency interacting with 
statins to produce myalgia, myositis, myopathy, and/or 
myonecrosis would have signifi cant clinical importance, 
allowing reinstitution of statins to optimize reduction of 
Low-density lipoprotein cholesterol (LDLC) and prevent 
cardiovascular disease.[48]

In the current study, our specifi c aim was determine 
whether and to what degree vitamin D3 supplementation 
of 50,000-100,000 IU/week for 6-12 months in 282 vitamin 
D-deficient, statin-intolerant patients was safe with 
regard to the development of serum hypervitaminosis 
D, hypercalcemia, or changes in the calculated estimated 
glomerular fi ltration rate (eGFR).

Materials and Methods

Institutional review board-approved protocol
The study followed an institutional review board-
approved protocol with signed informed consent. 

Statin-intolerant patients w ith low ser um 
vitamin D (<32 ng/mL)
In the temporal order of their referral from Midwestern 
physicians (Ohio, Kentucky, Indiana, West Virginia), 
we prospectively studied hypercholesterolemic patients 
with statin intolerance (unable to tolerate ≥2 statins) who 
were found by us to have serum 25(OH)D <32 ng/mL, 
our laboratory lower normal limit. After experiencing 
myalgia, myositis, myopathy, and/or myonecrosis, 
most referred patients refused to take another statin 
unless steps were taken to explicate and treat[26-28,48] the 
pathoetiology of their statin intolerance. 
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We excluded patients who had previously developed 
rhabdomyolysis during statin therapy and those who 
were taking corticosteroids at study entry or who had 
comorbidities that would result in muscle or bone pain 
(diabetic sensory neuropathy, fi bromyalgia, polymyalgia 
rheumatica, arthritis, peripheral vascular disease, sensory 
neuropathy, and hypothyroidism). Age was not used 
as an inclusion or exclusion criterion. After the above 
inclusions and exclusions, we prospectively studied 282 
patients treated with 50,000-100,000 IU vitamin D3/week 
for 6 months, and 112 of these 282 patients for 12 months.

Laboratory determinations
At the initial visit, after an overnight fast, blood was 
drawn and measured for serum total 25(OH)D by 
LabCorp using two-dimensional liquid chromatography 
(HPLC) with tandem mass spectrometry detection after 
protein precipitation.[49] The laboratory lower normal 
limit for total 25(OH)D was 32 ng/mL.[49] Additional 
measures included plasma cholesterol, triglyceride, HDL 

cholesterol (HDLC), and LDLC, serum calcium, and 
phosphorous, along with creatine phosphokinase (CK), 
glucose, insulin, and renal (electronic GFR), thyroid, 
and liver function tests. At each follow-up visit, fasting 
blood was obtained for serum total 25(OH)D levels, 
serum calcium and phosphorous, eGFR, lipid profi le, 
CK, glucose, and liver function tests.

Vitamin D supplementation and prospective follow-up
After documentation of low serum 25(OH)D at study 
entry, the 282 statin-intolerant, vitamin D-deficient 
patients were started on vitamin D3 by prescription[50] 
with 161 (57%) given ≤50,000 IU/week (median: 50,000 
units/week) and 113 (40%) >50,000 IU/week but 
≤100,000 IU/week (median 100,000 units/week). Only 
8 patients (2.8%) were given >100,000 IU/week, with the 
highest dose 150,000 IU/week in 3 patients. 

Patients were prospectively reassessed at 6-month 
intervals for 1 year [Table 1 and Figures 1-2], with 

Table 1: Serum vitamin D, calcium, and eGFR at pretreatment entry and up to 6-month and 12-month therapies 
with 50,000-100,000 IU/week of vitamin D3 
Cohort Entry At 6-month follow-up At 12-month follow-up
282 patients had 6-month follow-up

Amount of supplemental vitamin D3 
(x1,000 IU/week), mean±SD, median, (n) 

None 66.6±31.7, 50, (n=282) —

Serum vitamin D (ng/mL), mean ±SD, 
median 

20.1±6.9, 21.3 48.4±19.4, 46.1, P<.0001 —

n (%) of vitamin D high >100 ng/mL at 
follow-up

4 (1.4%) high (101, 106, 140, 140)
All <150

—

Calcium (mg/dL), mean±SD, median, (n)
n (%) of calcium high (>10.2 mg/dL) 

9.67±0.41, 9.60, (267)
24/267 (9%) high

9.65±0.43, 9.60, (257), P=.36
19/257 (7%) high
Normal to high 6/224
High to normal 12/24
McNemar S=2.0, P=.16

—

eGFR (mL/min/1.73), Mean±SD, median, (n) 
n (%) of eGFR low (≤59)

82±19, 84, (137)
19/137 (14%) low

79 ±21, 82, (157), P=.57
29/157 (18%) low
Normal to low 8/117
Low to normal 6/19
McNemar S=0.29, P=.59

—

112 patients had 6-month and 12-month 
follow-ups

Amount of supplemental vitamin D3 
(x1,000 IU/week), mean±SD, median, (n) 

None 68.7±31.2, 50, (n=112) 71.7±33.4, 50, (n=105)

Serum vitamin D (ng/mL), mean±SD, median 19.9±7.0, 21.2 52.0±21.8, 50.1, P<.0001 50.7±19.8, 50.6, P<.0001
n (%) of vitamin D high >100 ng/mL at 
follow-up

4 (3.6%) high (101, 106, 140, 140)
All <150

1 (0.9%) high (126 ng/mL)
All <150

Calcium (mg/dL), mean±SD, median, (n)
n (%) of calcium high (>10.2 mg/dL) 

9.63±0.36, 9.60, (108)
6/108 (6%) high

9.60±0.41, 9.60, (107), P =.37
5/107 (5%) high
Normal to high 1/99
High to normal 2/4
McNemar S=0.33, P=.56

9.60±0.39, 9.60, (105), P=.38
5/105 (5%) high
Normal to high 3/98
High to normal 3/5
McNemar S=0.0, P=1.0

eGFR (mL/min/1.73), mean±SD, median, (n) 
n (%) of eGFR low (≤59)

75±18, 79, (49)
8/49 (16%) low

73±20, 74, (63), P=.49
16/63 (25%) low
Normal to low 4/40
Low to normal 1/8
McNemar S=1.8, P=.18

74±19, 77, (72), P=.38
17/72 (24%) low
Normal to low 4/40
Low to normal 1/8
McNemar S=1.8, P=.18
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remeasurement of serum vitamin D, serum calcium, and 
eGFR. At each follow-up visit, a detailed history was 
obtained for statin and prescription drug use, and the 
amount of vitamin D supplementation.[48]

Statistical methods
Based on our recent study of 146 vitamin D-defi cient, 
statin-intolerant patients with pretreatment serum 
vitamin D 21 ± 7 ng/mL and levels 57 ± 19 ng/mL 
on supplementation,[48] power and sample size were 
calculated. We would have needed 24 patients before 
and on vitamin D supplementation to be able to observe 
the vitamin D treatment effect, with serum vitamin D 
increasing at least 20 ng/mL at a signifi cance level of 
P = 0.05, with power of 80%.

Differences between pretreatment serum vitamin D, 
calcium, and eGFR and levels at 6 months and 12 months 
on vitamin D supplementation were assessed by paired 
Wilcoxon tests of difference. McNemar’s tests were used 

to check trends over time in serum calcium and eGFR 
(normal→abnormal or abnormal→normal). 

Results

Follow-up for 6 months
As summarized in Table 1, at study entry there were 282 
patients (155 men, 127 women) who had measurements 
of serum 25(OH)D at pretreatment entry and at 6-month 
follow-up. By selection, pretreatment serum vitamin D 
was low (<32 ng/mL) in all patients, with median levels 
of 21.3 ng/mL [Table 1]. On 6-month follow-up on vitamin 
D supplementation (median 50,000 IU D3/week), median 
serum vitamin D rose to 46.1 ng/mL (P < .0001). Of the 282 
patients, serum vitamin D levels rose into the normal range 
(>32 ng/mL) in 222 (79%), with 56 (20%) still low (<32 ng/
mL) (median: 25 ng/mL). Serum vitamin D levels rarely 
rose above the laboratory upper normal limit (100 ng/mL) 
(n = 4, 1.4% of 282 patients, 101 ng/mL, 106 ng/mL, 140 
ng/mL, 140 ng/mL) at 6-month follow-up [Table 1].

Figure 1: Serum calcium and eGFR at pretreatment entry and at the 
6-month follow-up on vitamin D3 supplementation in 282 patients, 
median, 25th-75th percentiles are exhibited

Figure 2: Serum calcium and eGFR at pretreatment entry and at the 
6-month, 12-month follow-ups on vitamin D3 supplementation in 112 
patients, median, and 25th-75th percentiles are exhibited
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On vitamin D supplementation, no patient had 
serum vitamin D levels in the hypervitaminosis range 
(>150 ng/mL) [Table 1]. On vitamin D supplementation, 
serum calcium was unchanged (P = .36), as was eGFR 
(P = .57). There was no signifi cant trend of change in 
serum calcium (McNemar P = .16) or in eGFR (P = .59) 
from entry to 6-month follow-up [Table 1 and Figure 1]. 

Of the 282 patients with pretreatment serum vitamin 
D <32 ng/mL, 183 were unable to tolerate any statin 
pre-vitamin D treatment because of myalgia-myositis. 
At 6-month follow-up on vitamin D supplementation, 
136 of these 183 patients (74%) were able to tolerate statin 
therapy without myalgia-myositis. Of the 99 patients 
taking statins at the study entry, at 6-month follow-up 
on vitamin D supplementation 84 (85%) continued statins 
without symptoms. 

Sequential follow-up for 12 months
Of the 282 patients, 112 (65 men, 47 women) had both 
6-month and 12-month follow-ups on vitamin D3 
supplementation (median 50,000 IU/week). Median 
serum vitamin D rose to the normal range and remained 
in it [Table 1]. On vitamin D supplementation, 87 of 
the 112 patients (78%) had serum vitamin D in the 
normal range (32-100 ng/mL) and 21 (19%) had serum 
vitamin D still low at 6 months (median 26 ng/mL). 
At 12 months, 87/112 (78%) patients had vitamin D in 
the normal range, and 24 (21%) had serum vitamin D 
below 32 (median 26 ng/mL). Serum vitamin D levels 
rarely rose above the laboratory upper normal limit 
(100 ng/mL) [n = 4 ng/mL, 101 ng/mL, 106 ng/mL, 
140 ng/mL, 140 ng/mL, (3.6%) at 6 months, n = 1, 
126 ng/mL (0.9%) at 12 months], and no patient had 
serum vitamin D levels in the hypervitaminosis range 
(>150 ng/mL) [Table 1]. 

At follow-up, on vitamin D3 supplementation, serum 
calcium was unchanged (P = .37 for month 6, P = .38 for 
month 12) as was GFR (P = .49 for month 6, P = .38 for 
month 12). There was no signifi cant trend of change in 
serum calcium (P > .5) or in eGFR (P > .1) by McNemar’s 
test [Table 1 and Figure 2].

Of the 112 patients with pretreatment serum vitamin D 
<32 ng/mL, and 12-month follow-up, 82 were unable to 
tolerate any statin pre-vitamin D treatment because of 
myalgia-myositis. At 12-month follow-up on vitamin D 
supplementation, 74 (90%) of these 82 patients were able 
to tolerate statin therapy without myalgia-myositis. Of 
the 30 patients taking statins at study entry, at 12-month 
follow-up on vitamin D supplementation, 29 (97%) 
continued statins without symptoms. 

Discussion
Low serum vitamin D is associated with statin intolerance 
in most studies,[26-28,31-36] and vitamin D3 supplementation 
appears to reverse statin intolerance in most studies[33-35,37] 
including our four previous reports.[26-28,48] 

In our most recent study of 146 vitamin D-defi cient, 
statin-intolerant patients,[48] the amount of vitamin 
D3 supplementation used was 50,000-100,000 units/
week, and there was no adverse effect at this level of 
supplementation. In the current study, in a larger cohort 
of statin-intolerant patients with low pretreatment 
serum vitamin D (<32 ng/mL), with vitamin D3 
supplementation of 50,000-100,000 units/week, there 
was no significant change in calcium levels and no 
significant change in eGFR. Moreover, none of the 
patients developed serum vitamin D levels >150 ng/mL, 
conventionally identifi ed as hypervitaminosis D,[21] and 
very few (<4%) had serum vitamin D levels above the 
laboratory upper normal limit of 100 ng/mL. In the 
current study, vitamin D3 supplementation (50,000-
100,000 units/week) for amelioration of vitamin 
D-dependent statin intolerance[26-28,48] was safe, as 
determined by the lack of change in serum calcium, 
eGFR, or development of hypervitaminosis D. 

In the current study, at 6-month and 12-month follow-
ups on vitamin D supplementation, 74% and 90%, 
respectively, of statin-intolerant patients, none of whom 
would take any statin at the pretreatment baseline, were 
able to successfully take statins. 

Our fi nding of the safety of vitamin D3 supplementation 
of 50,000-100,000 units per week is paralleled by previous 
studies providing 11,000 units per day.[15,16] As recently 
summarized by Hossein-Nezhad and Holick, “…daily 
doses of vitamin D3 up to 10,000 IU were safe in healthy 
males.”[21]

Our paper is limited as it is not double-blind and placebo-
controlled but this design is diffi cult to carry out in statin-
intolerant patients who refuse, as did the patients in the 
current study, to try any new statin therapy without an 
antecedent attempt to reverse low serum vitamin D at 
study entry. 

Overall, in our initial four reports[26-28,48] we have 
provided supplemental vitamin D3 to 402 statin-
intolerant patients with low serum vitamin D at entry, 
of whom 352 (88%) were subsequently able to tolerate 
a rechallenge of statins with excellent tolerability and 
LDLC lowering to targeted levels.[51] The documentation 
of safety of 50,000-100,000 IU/week of vitamin 
D3 supplementation for up to 1-year follow-up as 
documented in the current study is important, given the 
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utility of vitamin D supplementation as an approach to 
reverse statin intolerance.[48] 
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