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RESEARCH QUESTION

What is the clinical evidence regarding toxicity associated with different vitamin D dosing
regimens?

KEY FINDINGS

Three systematic reviews (including one meta-analysis), 24 randomized controlled trials (RCTSs),
and six non-randomized studies were identified containing clinical evidence regarding toxicity
associated with different vitamin D dosing regimens.

METHODS

A focused search with main concepts appearing in title and focused subject headings was
conducted on key resources including PubMed, The Cochrane Library (2014, Issue 11),
University of York Centre for Reviews and Dissemination (CRD) databases, Canadian and
major international health technology agencies, as well as a focused Internet search.
Methodological filters were applied to limit retrieval health technology assessments, systematic
reviews, meta-analyses, RCTs, and non-randomized studies containing safety data. Where
possible, retrieval was limited to the human population. The search was also limited to English
language documents published between January 1, 2010 and November 26, 2014. Internet
links were provided, where available.

The summary of findings was prepared from the abstracts of the relevant information. Please
note that data contained in abstracts may not always be an accurate reflection of the data
contained within the full article.

SELECTION CRITERIA

One reviewer screened citations and selected studies based on the inclusion criteria presented
in Table 1.
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Table 1: Selection Criteria

Population Adults receiving vitamin D supplementation
Intervention >600 IU of vitamin D
None
Comparator Placebo
Various vitamin D doses
Outcomes Safety (harms associated with toxicity)
. Health technology assessment reports, systematic reviews, meta-analyses,
Study Designs . . ‘ .
randomized controlled trials, non-randomized studies (safety only)

RESULTS

Rapid Response reports are organized so that the higher quality evidence is presented first.
Therefore, health technology assessment reports, systematic reviews, and meta-analyses are
presented first. These are followed by RCTs and non-randomized studies.

Three systematic reviews (including one meta-analysis), 24 RCTs, and six non-randomized
studies were identified containing clinical evidence regarding toxicity associated with different
vitamin D dosing regimens. No relevant health technology assessment reports were identified.

Additional references of potential interest are provided in the appendix.
OVERALL SUMMARY OF FINDINGS

Three systematic reviews (including one meta-analysis), 24 RCTs, and six non-randomized
studies were identified containing clinical evidence regarding toxicity associated with different
vitamin D dosing regimens.

Evidence on potential toxicity was identified for a variety of conditions including cystic
fibrosis,*** hypertension,? renal failure,*® metabolic syndrome,® pregnancy,”'%** obesity,® HIV,*
critical illness,*” chronic pancreatitis,?* rheumatoid arthritis,?® osteoporosis,?” multiple sclerosis,?
primary hyperparathyroidism,* and breast cancer.®® In addition, evidence on potential vitamin D
toxicity was identified for various populations including ethnic minorities>?**?’ post-menopausal
women,**?*% community or nursing home dwelling seniors,*?*#?*?8 kidney stone formers,** and
women of reproductive age.* The remaining trials were in varied"? or healthy populations.***°

Overall, toxicity symptoms and adverse events were not common. However, all but 11
studies®®"10111516.27.2829.32 rangrted incidence of at least one occurrence of an undesirable
outcome associated with vitamin D supplementation. The most commonly reported adverse
outcomes were hypercalcemia1,4,5,8,9,12,17,19,22,23,24,25,29,31,32 and hyperCﬁlCiUria.1'8'9'12'13'17'19'21'23'29'31
The most commonly reported renal outcome was nephrolithiasis.>**** Trials showing a
negative effect of vitamin D supplementation on the above outcomes involved concomitant
calcium treatment,>*?*?>3 hydrochlorothiazide treatment,” or doses above 50000 U313
Very limited evidence suggested an association between vitamin D supplementation and the
occurrence of prostate cancer.! The only negative bone outcomes resulting from vitamin D
supplementation were fractures and falls; the single trial®® showing a negative effect with a
mega-dose of 500000 IU. Gastrointestinal (Gl) effects of vitamin D supplementation were
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reported by a single review.' These Gl outcomes were varied and mainly occurred in the context
of concomitant calcium supplementation.*

Based on the identified evidence, vitamin D supplementation appears to be safe at doses below
50000 IU for most clinical populations. At doses above 50000 IU and with concomitant calcium
or drug therapy, adverse effects relating to bone mineral homeostasis,?*!3192123:253133 rang|
outcomes,?*® and skeletal outcomes® occurred in several trials. In general, the evidence
suggests cause for caution when co-administering vitamin D and calcium™#?*?*>*® and when
administering vitamin D doses in excess of 50000 U, 319202131

No evidence suggested negative effects of vitamin D supplementation on all-cause mortality,"*®

tissue calcification,® cardiovascular outcomes,™® hyperparathyroidism,*®3°3? or hypervitaminosis
D.19,24

Hypercalcemia and Hypercalciuria

Only one case of hypercalcemia was reported across eleven studies in the Agency for
Healthcare Research and Quality (AHRQ) systematic review'. A post-hoc analysis of a RCT*
reported a single occurrence of hypercalcemia and overall higher serum calcium in the group
receiving concomitant hydrochlorothiazide and vitamin D supplementation compared to non-
hydrochlorothiazide users receiving vitamin D supplementation. Two RCTs*** investigating
concomitant vitamin D and calcium therapy reported substantial rates of hypercalciuria and
hypercalcemia, although they could not be attributed to vitamin D supplementation. One RCT*?
reported higher rates of hypercalcemia in the vitamin D group (50000 1U) compared to placebo.
Three studies observed hypercalciuria in three,* six,?* and 113 patients, respectively. Doses in
these studies ranged from 3000 IU/d" to a single dose of 600000 IU.** One non-randomized
study® reported a significant increase in serum calcium with concomitant vitamin D (10000 1U/d)
and calcium (1000 mg/d) treatment for four months. No difference in the risk of hypercalcemia
or elevated serum calcium between groups was observed in several RCTs,**68912171819.24 5
non-randomized studies,?®%:3:32

Renal Outcomes

Within the AHRQ systematic review' one trial reported an increased risk of renal stones with
concomitant vitamin D and calcium supplementation. In addition, isolated vitamin D
supplementation in two of the included RCTs was not associated with nephrolithiasis.! The
identified meta-analysis? reported that concomitant vitamin D and calcium supplementation
increased the risk of nephrolithiasis. One trial'® reported similar elevations in serum creatinine
between vitamin D and placebo groups. In another trial®® renal impairment worsened in one
patient; however, no incidence of nephrolithiasis occurred. One non-randomized study*
reported stable creatinine in all patients and no new cases of nephrolithiasis during the vitamin
D supplementation period.
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Skeletal Outcomes

One RCT" reported no difference in the occurrence of falls between the vitamin D and placebo
groups. Another RCT® reported an increased risk of fracture at three and nine months, and a
higher rate of falls in the vitamin D supplementation group. No change in bone-specific alkaline
phosphatase was reported for vitamin D and placebo groups in two other RCTs.*#%*

General Morbidity and Serious Adverse Events

In the AHRQ systematic review" five included RCTs reported no adverse events for doses
ranging between 200 |U/d to 120000 IU given biweekly for six weeks. Conversely, 11 RCTs in
this systematic review" reported at least one adverse event for doses ranging between 400 to
5713 IU/d. Eleven studies reported zero adverse events or no difference in the incidence of
adverse reactions or events between vitamin D and placebo groups.®®71011:15162728.29.32 f5gag
in these 11 studies ranged from 800 IU/d to a single 250000 IU dose.

Cancer

Observational evidence summarized in the AHRQ report* suggested an association between
vitamin D intake and the occurrence of prostate cancer, and no association between vitamin D
intake and incidence of other cancers.

Gastrointestinal Outcomes

Trial results summarized in the AHRQ review' reported incidence of gas, bloating, intestinal
discomfort, constipation, nausea, diarrhea, vomiting, stomach ache, mouth irritation, and
general Gl symptoms. Concomitant calcium supplementation occurred in many of these
included trials so the independent effect of vitamin D supplementation on GI symptoms is
unclear.’

Other

Several occurrences of hepatic enzyme elevations were reported in an RCT, which included
patients with rheumatoid arthritis.?®
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Health Technology Assessments
No literature identified.

Systematic Reviews and Meta-analyses

1. Newberry SJ, Chung M, Shekelle PG, Suttorp Booth M, Liu JL, Ruelaz Maher A, et al.
Vitamin D and calcium: a systematic review of health outcomes (update) [Internet].
Rockville (MD): Agency for Healthcare Research and Quality; 2014 Sep. (Evidence
Report/Technology Assessment Number 217). Report No.: 14-E004-EF. Contract No.:
290-2012-00006-I. [cited 2014 Dec 1]. Available from:
http://effectivehealthcare.ahrg.gov/ehc/products/537/1953/vitamin-d-calcium-report-

140902.pdf

2. Bjelakovic G, Gluud LL, Nikolova D, Whitfield K, Wetterslev J, Simonetti RG, et al. Vitamin
D supplementation for prevention of mortality in adults. Cochrane Database Syst Rev.
2014;1:CD007470.

3. Ferguson JH, Chang AB. Vitamin D supplementation for cystic fibrosis. Cochrane
Database Syst Rev. 2014;5:CD007298.
PubMed: PM24823922

Randomized Controlled Trials
Vitamin D Therapy (<50,000 IU)

4. Massart A, Debelle FD, Racape J, Gervy C, Husson C, Dhaene M, et al. Biochemical
Parameters After Cholecalciferol Repletion in Hemodialysis: Results From the VitaDial
Randomized Trial. Am J Kidney Dis. 2014 Nov;64(5):696-705.

PubMed: PM24856872

5. Ng K, Scott JB, Drake BF, Chan AT, Hollis BW, Chandler PD, et al. Dose response to
vitamin D supplementation in African Americans: results of a 4-arm, randomized, placebo-
controlled trial. Am J Clin Nutr. 2014 Mar;99(3):587-98. Available from:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3927692
PubMed: PM24368437

6. Sansanayudh N, Wongwiwatthananukit S, Phetkrajaysang N, Krittiyanunt S. Comparative
efficacy and safety of different doses of ergocalciferol supplementation in patients with
metabolic syndrome. Int J Clin Pharm. 2014 Aug;36(4):771-8.

PubMed: PM24853094

7. Dawodu A, Saadi HF, Bekdache G, Javed Y, Altaye M, Hollis BW. Randomized controlled
trial (RCT) of vitamin D supplementation in pregnancy in a population with endemic
vitamin D deficiency. J Clin Endocrinol Metab. 2013 Jun;98(6):2337-46.

PubMed: PM23559082

8. Delanaye P, Weekers L, Warling X, Moonen M, Smelten N, Medart L, et al. Cholecalciferol
in haemodialysis patients: a randomized, double-blind, proof-of-concept and safety study.
Nephrol Dial Transplant. 2013 Jul;28(7):1779-86.
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10.

11.

12.

PubMed: PM23378417

Drincic A, Fuller E, Heaney RP, Armas LA. 25-Hydroxyvitamin D response to graded
vitamin D(3) supplementation among obese adults. J Clin Endocrinol Metab. 2013
Dec;98(12):4845-51.

PubMed: PM24037880

Wagner CL, McNeil R, Hamilton SA, Winkler J, Rodriguez CC, Warner G, et al. A
randomized trial of vitamin D supplementation in 2 community health center networks in
South Carolina. Am J Obstet Gynecol. 2013 Feb;208(2):137-13.

PubMed: PM23131462

Hollis BW, Johnson D, Hulsey TC, Ebeling M, Wagner CL. Vitamin D supplementation
during pregnancy: double-blind, randomized clinical trial of safety and effectiveness. J
Bone Miner Res [Internet]. 2011 Oct [cited 2014 Dec 1];26(10):2341-57. Available from:
http://www.nchbi.nlm.nih.gov/pmc/articles/PMC3183324

PubMed: PM21706518

Lips P, Binkley N, Pfeifer M, Recker R, Samanta S, Cohn DA, et al. Once-weekly dose of
8400 U vitamin D(3) compared with placebo: effects on neuromuscular function and
tolerability in older adults with vitamin D insufficiency. Am J Clin Nutr. 2010 Apr;91(4):985-
91.

PubMed: PM20130093

Vitamin D Therapy (250,000 IU)

13.

14,

15.

16.

Zwart SR, Parsons H, Kimlin M, Innis SM, Locke JP, Smith SM. A 250 mug/week dose of
vitamin D was as effective as a 50 mug/d dose in healthy adults, but a regimen of four
weekly followed by monthly doses of 1250 mug raised the risk of hypercalciuria. Br J Nutr.
2013 Nov;110(10):1866-72.

PubMed: PM23595003

Glendenning P, Zhu K, Inderjeeth C, Howat P, Lewis JR, Prince RL. Effects of three-
monthly oral 150,000 IU cholecalciferol supplementation on falls, mobility, and muscle
strength in older postmenopausal women: a randomized controlled trial. J Bone Miner
Res. 2012 Jan;27(1):170-6.

PubMed: PM21956713

Grossmann RE, Zughaier SM, Kumari M, Seydafkan S, Lyles RH, Liu S, et al. Pilot study
of vitamin D supplementation in adults with cystic fibrosis pulmonary exacerbation: A
randomized, controlled trial. Dermatoendocrinol [Internet]. 2012 Apr 1 [cited 2014 Dec
1];4(2):191-7. Available from: http://www.ncbi.nim.nih.gov/pmc/articles/PMC3427199
PubMed: PM22928076

Havens PL, Mulligan K, Hazra R, Flynn P, Rutledge B, Van Loan MD, et al. Serum 25-
hydroxyvitamin D response to vitamin D3 supplementation 50,000 IU monthly in youth
with HIV-1 infection. J Clin Endocrinol Metab [Internet]. 2012 Nov [cited 2014 Dec
10];97(11):4004-13. Available from:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3485594

PubMed: PM22933542
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17. Amrein K, Sourij H, Wagner G, Holl A, Pieber TR, Smolle KH, et al. Short-term effects of
high-dose oral vitamin D3 in critically ill vitamin D deficient patients: a randomized, double-
blind, placebo-controlled pilot study. Crit Care [Internet]. 2011 [cited 2014 Dec
10];15(2):R104. Available from: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3219377
PubMed: PM21443793

18. Binkley N, Gemar D, Engelke J, Gangnon R, Ramamurthy R, Krueger D, et al. Evaluation
of ergocalciferol or cholecalciferol dosing, 1,600 1U daily or 50,000 IU monthly in older
adults. J Clin Endocrinol Metab [Internet]. 2011 Apr [cited 2014 Dec 1];96(4):981-8.
Available from: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3417158
PubMed: PM21289249

19. Hackman KL, Gagnon C, Briscoe RK, Lam S, Anpalahan M, Ebeling PR. Efficacy and
safety of oral continuous low-dose versus short-term high-dose vitamin D: a prospective
randomised trial conducted in a clinical setting. Med J Aust. 2010 Jun 21;192(12):686-9.
PubMed: PM20565345

20. Sanders KM, Stuart AL, Williamson EJ, Simpson JA, Kotowicz MA, Young D, et al. Annual
high-dose oral vitamin D and falls and fractures in older women: a randomized controlled
trial. JAMA. 2010 May 12;303(18):1815-22.

PubMed: PM20460620

Intramuscular Vitamin D

21. Tellioglu A, Basaran S, Guzel R, Seydaoglu G. Efficacy and safety of high dose
intramuscular or oral cholecalciferol in vitamin D deficient/insufficient elderly. Maturitas.
2012 Aug;72(4):332-8.
PubMed: PM22613271

Concomitant Therapy

22. Chandler PD, Scott JB, Drake BF, Ng K, Forman JP, Chan AT, et al. Risk of
hypercalcemia in blacks taking hydrochlorothiazide and vitamin D. Am J Med. 2014
Aug;127(8):772-8. Available from: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4127365
PubMed: PM24657333

23. Gallagher JC, Peacock M, Yalamanchili V, Smith LM. Effects of vitamin D supplementation
in older African American women. J Clin Endocrinol Metab [Internet]. 2013
Mar;98(3):1137-46. Available from: http://www.ncbi.nim.nih.gov/pmc/articles/PMC3590472
PubMed: PM23386641

24. Reddy SV, Ramesh V, Bhatia E. Double blind randomized control study of intramuscular
vitamin D3 supplementation in tropical calcific pancreatitis. Calcif Tissue Int. 2013
Jul;93(1):48-54.

PubMed: PM23564348

25. Gallagher JC, Sai A, Templin T, Smith L. Dose response to vitamin D supplementation in
postmenopausal women: a randomized trial. Ann Intern Med. 2012 Mar 20;156(6):425-37.
PubMed: PM22431675
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26. Salesi M, Farajzadegan Z. Efficacy of vitamin D in patients with active rheumatoid arthritis
receiving methotrexate therapy. Rheumatol Int. 2012 Jul;32(7):2129-33.
PubMed: PM21523344

27. Chung HY, Chin SO, Kang MI, Koh JM, Moon SH, Yoon BK, et al. Efficacy of risedronate
with cholecalciferol on 25-hydroxyvitamin D level and bone turnover in Korean patients
with osteoporosis. Clin Endocrinol (Oxf ). 2011 Jun;74(6):699-704.

PubMed: PM21521310

Non-Randomized Studies
Vitamin D Therapy (<50,000 1U)
28. Schwalfenberg GK, Genuis SJ. Vitamin D supplementation in a nursing home population.

Mol Nutr Food Res. 2010 Aug;54(8):1072-6.
PubMed: PM20440692

29. Smolders J, Peelen E, Thewissen M, Cohen Tervaert JW, Menheere P, Hupperts R, et al.
Safety and T cell modulating effects of high dose vitamin D3 supplementation in multiple
sclerosis. PLoS ONE [Internet]. 2010 [cited 2014 Dec 1];5(12):e15235. Available from:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3001453
PubMed: PM21179201

Vitamin D Therapy (250,000 IU)

30. Wagner D, Xia Y, Hou R. Safety of vitamin D replacement in patients with primary
hyperparathyroidism and concomitant vitamin D deficiency. Endocr Pract. 2013
May;19(3):420-5.

PubMed: PM23337136

31. Leaf DE, Korets R, Taylor EN, Tang J, Asplin JR, Goldfarb DS, et al. Effect of vitamin D
repletion on urinary calcium excretion among kidney stone formers. Clin J Am Soc
Nephrol [Internet]. 2012 May [cited 2014 Dec 1];7(5):829-34. Available from:
http://cjasn.asnjournals.org/content/7/5/829.long
PubMed: PM22422535

32. Roth DE, Al Mahmud A, Ragib R, Black RE, Baqui AH. Pharmacokinetics of a single oral
dose of vitamin D3 (70,000 1U) in pregnant and non-pregnant women. Nutr J [Internet].
2012 [cited 2014 Dec 1];11:114. Available from:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3552819
PubMed: PM23268736

Concomitant Therapy

33. Amir E, Simmons CE, Freedman OC, Dranitsaris G, Cole DE, Vieth R, et al. A phase 2
trial exploring the effects of high-dose (10,000 IU/day) vitamin D(3) in breast cancer
patients with bone metastases. Cancer [Internet]. 2010 Jan 15 [cited 2014 Dec
1];116(2):284-91. Available from: http://onlinelibrary.wiley.com/doi/10.1002/cncr.24749/pdf
PubMed: PM19918922
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APPENDIX — FURTHER INFORMATION:
Systematic Reviews and Meta-analyses — Dosing Unspecified
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Randomized Controlled Trials — Lead Poisoning
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PubMed: PM23059649

Non-Randomized Studies
Dosing Unspecified

40. Quaggiotto P, Tran H, Bhanugopan M. Vitamin D deficiency remains prevalent despite
increased laboratory testing in New South Wales, Australia. Singapore Med J. 2014
May;55(5):271-80.

PubMed: PM24862752

Association between Serum 25(OH)D and Adverse Events
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