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Clinical vitamin D deficiency, manifested as rickets, was common in the early 20th century. It 
disappeared when it became known that it could be cured by sunshine or the consumption of 
cod liver oil. However, a resurgence occurred with the arrival of non-western immigrants after 
1970, and with the use of macrobiotic diets. In 2001, general practitioner Grootjans-Geerts 
asked for attention for hypovitaminosis D, “a veiled diagnosis”.1 She described four patients, 
one of whom was a 53 year old veiled woman, originally from Somalia, who experienced 
muscle pain in her upper legs and shoulders, and used high doses of non-steroidal anti-
inflammatory drugs (NSAID’s). She could not climb stairs without the use of a handrail, hardly 
ever spent time outdoors, and rarely used dairy products. The 25-hydroxyvitamin D (25(OH)
D) concentration in her blood appeared to be extremely low (<13 nmol/l). She started a daily 
medication of 1.200 IU of vitamin D (ergocalciferol) and 1.000 mg of calcium. After six weeks, 
she could climb stairs without any problems and no longer suffered pain in her upper legs 
and shoulders.
At about the same time (2000-2001), two pilot studies were performed. General practitioners 
from the ‘De Rubenshoek’ health centre in The Hague assessed the vitamin D status of 240 
non-western women who came to the centre with general complaints of pain and fatigue. 82% 
were diagnosed with vitamin D deficiency (25(OH)D <25 nmol/l).2 Grootjans-Geerts assessed 
the vitamin D status of 51 Turkish women who seemed to be healthy and attended a weekly 
meeting, and 32 indigenous Dutch women as a control group.3 82% of the Turkish women 
were diagnosed with vitamin D deficiency (25(OH)D <20 nmol/l), while only 6% of the Dutch 
women were vitamin D deficient.
In The Hague, these figures led to political commotion, with newspaper headlines such 
as: “Veil causes vitamin deficiency”, “Women stay home too much, English disease has its 
comeback in Schilderswijk” (Schilderswijk is a deprived neighbourhood in The Hague) and 
“Muslims must expose their wives to sunshine”. The Hague is one of the four largest cities 
in the Netherlands, with a substantial number of non-western inhabitants (28% in the year 
2000). The municipality of The Hague decided that these figures demanded further study.

Vitamin D
Vitamin D is a fat soluble vitamin, and a generic term for two molecules: vitamin D3 
(cholecalciferol) and vitamin D2 (ergocalciferol). Vitamin D3 is the more common form of 
vitamin D in nature, whereas vitamin D2 can be produced industrially through ultraviolet 
exposure of the plant sterol ergosterol.4 Their structures are similar, except for a double bond 
in the side chain in ergocalciferol. Dietary intake recommendations do not distinguish between 
vitamin D2 and D3.

5 6 Houghton and Vieth concluded that the assumption of equivalency 
between vitamin D2 and D3 – stated by Park in 1940 – was accepted despite Park having noted 
that studies were confusing and of poor quality.7 Discussion continues as to whether the 
forms of vitamin D are equivalent or not. Several studies have observed vitamin D3 being 
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more effective compared to vitamin D2,
8-10 whereas others observed equal effectiveness.11-13 In 

the studies presented in this thesis, no distinction was made between vitamins D2 and D3. In 
the Netherlands, where these studies have been performed, most vitamin D in supplements 
is vitamin D3. Because the vitamin D in food and the vitamin D produced in the skin is also 
vitamin D3, almost all vitamin D within the Dutch population is expected to be vitamin D3.
In human beings, both vitamin D2 and D3 are hydroxylated into several metabolites. There 
is rapid hydroxylation of vitamin D into 25-hydroxyvitamin D (25(OH)D), which occurs in the 
liver.14 Serum 25(OH)D is the major circulating form (storage form) of vitamin D in the body. 
Serum 25(OH)D concentration is presented in nmol/l (10-9 mol/l). 25(OH)D has a strong affinity 
for vitamin D binding protein (DBP).15 The active form of vitamin D results from a second 
hydroxylation into 1,25-dihydroxyvitamin D (1,25(OH)2D); this second hydroxylation mainly 
occurs in the kidney.15 This active form is a steroid hormone, with a typical ring-structure. 
More specifically, it should be classified as a seco-steroid, one of the rings in the structure 
being broken.
The serum 1,25(OH)2D concentration is tightly regulated.16 The production of 1,25(OH)2D is 
stimulated by parathyroid hormone (PTH). There is a negative feedback through calcium 
which decreases PTH and a direct negative feedback from 1,25(OH)2D to PTH.17 This feedback 
classifies 1,25(OH)2D as a hormone. The concentration of serum 1,25(OH)2D is presented in 
pmol/l (10-12 mol/l), thus in the region of one thousandth of the serum 25(OH)D concentration.

Sources of vitamin D
The human body produces vitamin D in the skin from 7-dehydrocholesterol, under exposure 
to direct sunshine. The radiation necessary for this production is UVB (290-315 nm).18 UVB 
radiation does not pass through glass, and it is blocked by sunscreen and clothing.18-20 
The intensity of UVB radiation is dependent on the season, time of day and geographical 
location.21 The skin’s ability to produce vitamin D decreases with age.22 The amount of vitamin 
D produced upon exposure to UVB radiation is dependent on the type of skin: the darker 
the skin, the more sunshine is needed to produce a certain amount of vitamin D.23-25 Sun 
exposure does not lead to toxic vitamin D concentrations due to a feed-back mechanism; 
7-dehydrocholesterol will instead be transformed into lumisterol and tachysterol: biologically 
inert isomers.23

Vitamin D can also be obtained from food. Fish – mainly fatty varieties such as salmon, 
mackerel and herring – is a natural source of vitamin D. Smaller amounts of vitamin D are 
present in eggs and liver.26 Several products are fortified with vitamin D, such as margarine 
in the Netherlands, and milk in the United States and Canada.27 Cod liver oil contains large 
amounts of vitamin D3 and was previously often used in the Netherlands; it is still in common 
usage in the Nordic countries.28 Individuals can also use supplements containing vitamin 
D. There are several types of supplementation, with variation in administration (e.g. pills, 
capsules and suspension in oil or water).
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Consequences of vitamin D deficiency
Shortness of vitamin D (vitamin D deficiency) leads to decreased calcium absorption, a 
lower serum calcium and an increase of parathyroid hormone (PTH), which results in a 
higher bone turnover and increased bone resorption, thereby restoring serum calcium. 
Severe longstanding vitamin D deficiency leads to osteomalacia (bone weakness) in adults 
and rickets in children.17 Osteomalacia is accompanied by deep bone pain.29 Rickets is 
accompanied by growth retardation, muscle weakness, skeletal deformities, hypocalcemia, 
tetany and seizures.30 31 The first symptoms of vitamin D deficiency in the elderly are muscle 
pain, fatigue, muscular weakness and gait disturbances.29 The reduced muscle strength, in 
combination with the lower mineralization of the bone, may lead to an increased risk for falls 
and fractures in the elderly.32-34

Several diseases are associated with a low serum 25(OH)D concentration.35 These include 
diabetes mellitus types 1 and 2, colorectal cancer, breast cancer, prostate cancer, multiple 
sclerosis, tuberculosis, schizophrenia, high blood pressure, cardiovascular diseases and 
depression.36-46 Furthermore, an association between vitamin D supplementation and a 
decreased total mortality rate has been found.47 However, the level of evidence for causal 
relationships varies.

Criteria for vitamin D deficiency
Vitamin D status is assessed through serum 25(OH)D concentration, which is the sum of 
vitamin D produced in the skin and intake through foods and supplements.6 There is no 
consensus as to the threshold for vitamin D deficiency, nor for the optimal serum 25(OH)
D concentration. The Health Council of the Netherlands concluded that the serum 25(OH)D 
concentration is sufficient above 50 nmol/l for women aged 50 years and older and for men 
aged 70 years and older, and is sufficient above 30 nmol/l for younger men and women.5

To estimate normal serum 25(OH)D concentration, one can assess the serum 25(OH)D 
concentration in a representative group of healthy individuals, for instance blood donors.48 
The range of serum 25(OH)D concentrations within this group can be considered as the normal 
or reference range. Using this method, the Standing Committee on the Scientific Evaluation 
of Dietary Reference Intakes from the Food and Nutrition Board of the Institute of Medicine 
(USA), stated in 1997 that the normal range was 20 to 37.5 nmol/l.6 Hollis argued in 2005 why 
he did not assume the concentrations obtained in this way represented a ‘normal’ vitamin 
D status, but rather a deficient status.49 The range of serum 25(OH)D concentrations in a 
population may not express a normal range, as the overall population might have insufficient 
serum 25(OH)D concentrations due to a prevalence of indoor lifestyles. In the past, mankind 
used to live predominantly outside. The serum 25(OH)D concentrations amongst groups 
who live mainly outdoors these days, such as lifeguards or farmers, might therefore also 
be considered ‘normal.’ Those concentrations have been observed to be higher than the 
currently recommended norm.49 50
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Another way to estimate the optimal serum 25(OH)D concentration is to search for a 
threshold in the association between serum 25(OH)D and negative consequences. A criterion 
often used for estimating optimal serum 25(OH) is PTH concentration. As serum 25(OH)D 
concentrations increase, PTH concentrations decrease until a plateau is reached where a 
further increase in serum 25(OH)D does not result in a decrease of PTH. The serum 25(OH)
D concentration where the PTH plateau is reached has been interpreted as the threshold for 
an optimal 25(OH)D concentration. Aloia et al. published a summary of literature reporting a 
serum 25(OH)D threshold based on its association with PTH in 2006.51 The observed thresholds 
varied between 25 and 122 nmol/l. Bischoff-Ferrari et al. reviewed the literature for a vitamin 
D threshold according to several health outcomes in 2006.52 One of their arguments was that 
although PTH was a useful criterion because it promotes bone loss, it also fluctuates related 
to diet, time of day, renal function and physical activity. Therefore they used the alternative 
endpoints of bone mineral density, lower extremity function, dental health, risk of falls, risk of 
fractures and risk of colorectal cancer. They conclude that the most advantageous thresholds 
of serum 25(OH)D concentration begin at 75 nmol/l, but are best between 90 and 100 nmol/l. 
In a study among Dutch elderly, thresholds of 40 to 60 nmol/l were found, depending on the 
outcome measured.53 However, a PTH plateau was not reached until 75 nmol/l.
The threshold for an optimal serum 25(OH)D concentration might vary by age or ethnic 
group.54-56 Furthermore, normal values of serum 25(OH)D might be influenced by the assay 
used for its detection, and by the intake of calcium.48 For instance, DeLucia et al. observed a 
normal vitamin D status (defined as serum 25(OH)D >37.4 nmol/l) among 21 of 27 (78%) young 
North American children with nutritional rickets.57 Rickets in these cases was probably the 
consequence of a low calcium intake.

Vitamin D intoxication
If the serum 25(OH)D concentration rises to toxic levels, calcium concentration may also rise, 
leading to hypercalcemia and hypercalciuria. Hypercalcemia is the hazard criterion for vitamin 
D toxicity.58 It is not certain what causes the symptoms associated with vitamin D toxicity: 
whether it is the increase of total 1,25(OH)2D, the increase of free 25(OH)D or the increase of 
free 1,25(OH)2D.16

Individuals with vitamin D intoxication may suffer from symptoms such as abdominal 
cramps, nausea, vomiting, increased thirst and polyuria.59 60 Hypercalcemia may lead to 
ectopic calcification of tissues and blood vessels, which – for instance – can result in severe 
nephrocalcinosis.60
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Criteria for vitamin D intoxication
Due to the feedback mechanism in the production of 25(OH)D in the skin, toxic vitamin D 
concentrations can only result from the consumption of excessive quantities of vitamin D. 
The Health Council of the Netherlands considers the maximum tolerable daily intake to be 
50 µg (2.000 IU) for individuals older than one year, which is largely in agreement with the 
Food Safety Authority (50 µg/day for individuals older than ten years).61 62 The threshold is in 
accordance with the dietary reference intakes from the American Institute of Medicine from 
1997.6 However, discussion remains about this upper threshold. A study to assess the upper 
threshold for the vitamin D intake, or serum 25(OH)D concentration, is ethically unacceptable. 
Therefore the safe upper level must be derived from animal studies and anecdotal 
evidence from human toxicity cases. Based on this kind of literature, Jones concluded that 
hypercalcemia only develops at serum 25(OH)D concentrations over 375-500 nmol/l.16 Vieth 
concluded that an intake of 250 µg (10.000 IU) per day should be safe.58 However, it should 
be noted that some individuals are more sensitive for vitamin D intoxication; for instance, 
individuals with primary hyperparathyroidism, and individuals with sarcoidosis, tuberculosis 
or lymphoma.63

Outline of this thesis
The studies presented in this thesis have been performed 1) to estimate the prevalence 
of vitamin D deficiency among non-western immigrant groups, 2) to estimate the relative 
contribution of the known determinants of vitamin D deficiency and 3) to estimate the 
association between vitamin D deficiency and potential consequences, which could be 
studied well in a general population (muscle strength, muscle pain, functional limitations and 
diabetes). The prevalence of vitamin D deficiency in adult immigrant groups in the Netherlands, 
and a control group of indigenous Dutch individuals, is presented in chapter 2. In this chapter, 
the results of the relative importance of several determinants of vitamin D deficiency are also 
presented. The prevalence of vitamin D deficiency in pregnant women with various ethnic 
origins in The Hague is presented in chapter 3. In chapter 4 the results are presented of a 
literature study on the prevalence of vitamin D deficiency of the earlier studied ethnic groups 
in their countries of origin. In the study presented in chapter 2 we also measured (potential) 
consequences of vitamin D deficiency: muscle strength, muscle pain, functional limitations 
such as rising from a chair, and diabetes mellitus; the association between serum 25(OH)D 
and muscle related outcomes is presented in chapter 5, the association with diabetes mellitus 
in chapter 6. Chapter 7 contains the discussion, general conclusion and recommendations.



Ch
ap

te
r 1

14

References

 1.  Grootjans-Geerts I. [Hypovitaminosis D: a veiled diagnosis]. Ned Tijdschr Geneeskd 
2001;145(43):2057-60.

 2.  Wuister JD, van der Meer IM, Huisman W, Lutjenhuis MJT. [Rediscovery of vitamin D deficiency; 
data from the “Schilderswijk” (deprived neighbourhoud in the Netherlands)]. epidemiologisch 
bulletin 2002;37(2):8-11.

 3.  Grootjans-Geerts I, Wielders JP. [A pilot study of hypovitaminosis D in apparently healthy, veiled, 
Turkish women: severe vitamin D deficiency in 82%]. Ned Tijdschr Geneeskd 2002;146(23):1100-1.

 4.  McLaren DS, Loveridge N, Duthie G, Bolton-Smith C. Fat-soluble vitamins. In: Garrow JS, James 
WPT, editors. Human nutrition and dietetics. ninth ed. Edinburgh: Churchill Livingstone, 1993:217-
224.

 5.  Health Council of the Netherlands. Towards an adequate intake of vitamin D. The Hague: Health 
Councel of the Netherlands, 2008.

 6.  Standing Committee on the Scientific Evaluation of Dietary Reference Intakes, Food and 
Nutrition Board, Institute of Medicine. Dietary Reference Intakes for Calcium, Phosphorus, 
Magnesium, Vitamin D and Fluoride. Washington D.C.: National Academy Press, 1997.

 7.  Houghton LA, Vieth R. The case against ergocalciferol (vitamin D2) as a vitamin supplement. Am 
J Clin Nutr 2006;84(4):694-7.

 8.  Romagnoli E, Mascia ML, Cipriani C, Fassino V, Mazzei F, D’Erasmo E, et al. Short and long-term 
variations in serum calciotropic hormones after a single very large dose of ergocalciferol (vitamin 
D2) or cholecalciferol (vitamin D3) in the elderly. J Clin Endocrinol Metab 2008;93(8):3015-20.

 9.  Armas LA, Hollis BW, Heaney RP. Vitamin D2 is much less effective than vitamin D3 in humans. J 
Clin Endocrinol Metab 2004;89(11):5387-91.

 10.  Rapuri PB, Gallagher JC, Haynatzki G. Effect of vitamins D2 and D3 supplement use on serum 
25OHD concentration in elderly women in summer and winter. Calcif Tissue Int 2004;74(2):150-6.

 11.  Holick MF, Biancuzzo RM, Chen TC, Klein EK, Young A, Bibuld D, et al. Vitamin D2 is as effective 
as vitamin D3 in maintaining circulating concentrations of 25-hydroxyvitamin D. J Clin Endocrinol 
Metab 2008;93(3):677-81.

 12.  Gordon CM, Williams AL, Feldman HA, May J, Sinclair L, Vasquez A, et al. Treatment of 
Hypovitaminosis D in Infants and Toddlers. J Clin Endocrinol Metab 2008.

 13.  Trang HM, Cole DE, Rubin LA, Pierratos A, Siu S, Vieth R. Evidence that vitamin D3 increases 
serum 25-hydroxyvitamin D more efficiently than does vitamin D2. Am J Clin Nutr 1998;68(4):854-
8.

 14.  Heaney RP, Armas LA, Shary JR, Bell NH, Binkley N, Hollis BW. 25-Hydroxylation of vitamin D3: 
relation to circulating vitamin D3 under various input conditions. Am J Clin Nutr 2008;87(6):1738-
42.

 15.  Jones G, Strugnell SA, DeLuca HF. Current understanding of the molecular actions of vitamin D. 
Physiol Rev 1998;78(4):1193-231.

 16.  Jones G. Pharmacokinetics of vitamin D toxicity. Am J Clin Nutr 2008;88(2):582S-586S.
 17.  Lips P. Vitamin D physiology. Prog Biophys Mol Biol 2006.
 18.  Holick MF. Environmental factors that influence the cutaneous production of vitamin D. Am J 

Clin Nutr 1995;61(3 Suppl):638S-645S.
 19.  Matsuoka LY, Ide L, Wortsman J, MacLaughlin JA, Holick MF. Sunscreens suppress cutaneous 

vitamin D3 synthesis. J Clin Endocrinol Metab 1987;64(6):1165-8.
 20.  Matsuoka LY, Wortsman J, Dannenberg MJ, Hollis BW, Lu Z, Holick MF. Clothing prevents 

ultraviolet-B radiation-dependent photosynthesis of vitamin D3. J Clin Endocrinol Metab 
1992;75(4):1099-103.

 21.  Holick MF. McCollum Award Lecture, 1994: vitamin D--new horizons for the 21st century. Am J 
Clin Nutr 1994;60(4):619-30.

 22.  MacLaughlin J, Holick MF. Aging decreases the capacity of human skin to produce vitamin D3. J 
Clin Invest 1985;76(4):1536-8.



In
tr

od
uc

tio
n

15

 23.  Holick MF, MacLaughlin JA, Doppelt SH. Regulation of cutaneous previtamin D3 photosynthesis 
in man: skin pigment is not an essential regulator. Science 1981;211(4482):590-3.

 24.  Clemens TL, Adams JS, Henderson SL, Holick MF. Increased skin pigment reduces the capacity of 
skin to synthesise vitamin D3. Lancet 1982;1(8263):74-6.

 25.  Matsuoka LY, Wortsman J, Haddad JG, Hollis BW. Skin types and epidermal photosynthesis of 
vitamin D3. J Am Acad Dermatol 1990;23(3 Pt 1):525-6.

 26.  Lamberg-Allardt C. Vitamin D in foods and as supplements. Prog Biophys Mol Biol 2006.
 27.  Calvo MS, Whiting SJ, Barton CN. Vitamin D fortification in the United States and Canada: current 

status and data needs. Am J Clin Nutr 2004;80(6 Suppl):1710S-6S.
 28.  Brustad M, Braaten T, Lund E. Predictors for cod-liver oil supplement use--the Norwegian 

Women and Cancer Study. Eur J Clin Nutr 2004;58(1):128-36.
 29.  Eriksen EF, Glerup H. Vitamin D deficiency and aging: implications for general health and 

osteoporosis. Biogerontology 2002;3(1-2):73-7.
 30.  Holick MF. Resurrection of vitamin D deficiency and rickets. J Clin Invest 2006;116(8):2062-72.
 31.  Wharton B, Bishop N. Rickets. Lancet 2003;362(9393):1389-400.
 32.  Boonen S, Bischoff-Ferrari HA, Cooper C, Lips P, Ljunggren O, Meunier PJ, et al. Addressing 

the musculoskeletal components of fracture risk with calcium and vitamin D: a review of the 
evidence. Calcif Tissue Int 2006;78(5):257-70.

 33.  Campbell PM, Allain TJ. Muscle strength and vitamin D in older people. Gerontology 
2006;52(6):335-8.

 34.  Montero-Odasso M, Duque G. Vitamin D in the aging musculoskeletal system: an authentic 
strength preserving hormone. Mol Aspects Med 2005;26(3):203-19.

 35.  Holick MF. Vitamin D deficiency. N Engl J Med 2007;357(3):266-81.
 36.  Mathieu C, Gysemans C, Giulietti A, Bouillon R. Vitamin D and diabetes. Diabetologia 

2005;48(7):1247-57.
 37.  Zipitis CS, Akobeng AK. Vitamin D supplementation in early childhood and risk of type 1 diabetes: 

a systematic review and meta-analysis. Arch Dis Child 2008;93(6):512-7.
 38.  Pittas AG, Lau J, Hu FB, Dawson-Hughes B. The role of vitamin D and calcium in type 2 diabetes. 

A systematic review and meta-analysis. J Clin Endocrinol Metab 2007;92(6):2017-29.
 39.  Davis CD. Vitamin D and cancer: current dilemmas and future research needs. Am J Clin Nutr 

2008;88(2):565S-569S.
 40.  Giovannucci E. Epidemiological evidence for vitamin D and colorectal cancer. J Bone Miner Res 

2007;22 Suppl 2:V81-5.
 41.  Niino M, Fukazawa T, Kikuchi S, Sasaki H. Therapeutic potential of vitamin D for multiple sclerosis. 

Curr Med Chem 2008;15(5):499-505.
 42.  Nnoaham KE, Clarke A. Low serum vitamin D levels and tuberculosis: a systematic review and 

meta-analysis. Int J Epidemiol 2008;37(1):113-9.
 43.  Mackay-Sim A, Feron F, Eyles D, Burne T, McGrath J. Schizophrenia, vitamin D, and brain 

development. Int Rev Neurobiol 2004;59:351-80.
 44.  Martini LA, Wood RJ. Vitamin D and blood pressure connection: update on epidemiologic, 

clinical, and mechanistic evidence. Nutr Rev 2008;66(5):291-7.
 45.  Michos ED, Melamed ML. Vitamin D and cardiovascular disease risk. Curr Opin Clin Nutr Metab 

Care 2008;11(1):7-12.
 46.  Hoogendijk WJ, Lips P, Dik MG, Deeg DJ, Beekman AT, Penninx BW. Depression is associated 

with decreased 25-hydroxyvitamin D and increased parathyroid hormone levels in older adults. 
Arch Gen Psychiatry 2008;65(5):508-12.

 47.  Autier P, Gandini S. Vitamin D supplementation and total mortality: a meta-analysis of randomized 
controlled trials. Arch Intern Med 2007;167(16):1730-7.

 48.  Lips P. How to define normal values for serum concentrations of 25-hydroxyvitamin D? An 
overview. In: Feldman, Pike, Glorieux, editors. Vitamin D. 2nd Edition ed: Elsevier, 2005:1019-28.

 49.  Hollis BW. Circulating 25-hydroxyvitamin D levels indicative of vitamin D sufficiency: implications 
for establishing a new effective dietary intake recommendation for vitamin D. J Nutr 
2005;135(2):317-22.



Ch
ap

te
r 1

16

 50.  Vieth R. Vitamin D Nutrition and its potential health benefits for bone, cancer and other 
conditions. Journal of nutritional & environmental medicine 2001(11):275-291.

 51.  Aloia JF, Talwar SA, Pollack S, Feuerman M, Yeh JK. Optimal vitamin D status and serum 
parathyroid hormone concentrations in African American women. Am J Clin Nutr 2006;84(3):602-
9.

 52.  Bischoff-Ferrari HA, Giovannucci E, Willett WC, Dietrich T, Dawson-Hughes B. Estimation of 
optimal serum concentrations of 25-hydroxyvitamin D for multiple health outcomes. Am J Clin 
Nutr 2006;84(1):18-28.

 53.  Kuchuk NO, Pluijm SM, van Schoor NM, Looman CW, Smit JH, Lips P. Relationships of serum 
25-hydroxyvitamin D to bone mineral density and serum parathyroid hormone and markers of 
bone turnover in older persons. J Clin Endocrinol Metab 2009;94(4):1244-50.

 54.  Vieth R, Ladak Y, Walfish PG. Age-related changes in the 25-hydroxyvitamin D versus parathyroid 
hormone relationship suggest a different reason why older adults require more vitamin D. J Clin 
Endocrinol Metab 2003;88(1):185-91.

 55.  Bell NH, Greene A, Epstein S, Oexmann MJ, Shaw S, Shary J. Evidence for alteration of the 
vitamin D-endocrine system in blacks. J Clin Invest 1985;76(2):470-3.

 56.  Harris SS. Vitamin D and African Americans. J Nutr 2006;136(4):1126-9.
 57.  DeLucia MC, Mitnick ME, Carpenter TO. Nutritional rickets with normal circulating 

25-hydroxyvitamin D: a call for reexamining the role of dietary calcium intake in North American 
infants. J Clin Endocrinol Metab 2003;88(8):3539-45.

 58.  Vieth R. Vitamin D toxicity, policy, and science. J Bone Miner Res 2007;22 Suppl 2:V64-8.
 59.  Pettifor JM, Bikle DD, Cavaleros M, Zachen D, Kamdar MC, Ross FP. Serum levels of free 

1,25-dihydroxyvitamin D in vitamin D toxicity. Ann Intern Med 1995;122(7):511-3.
 60.  Vieth R, Pinto TR, Reen BS, Wong MM. Vitamin D poisoning by table sugar. Lancet 

2002;359(9307):672.
 61.  Health Council of the Netherlands. Voedingsnormen: calcium, vitamine D, thiamine, riboflavine, 

niacine, pantotheenzuur en biotine [Dutch; Dietary reference intakes: calcium, vitamin D, 
thiamin, riboflavin, niacin, pantothenic acid, and biotin]. The Hague: Health Council of the 
Netherlands, 2000.

 62.  Scientific Committee on Food, Scientific Panel on Dietetic Products NaA. Tolerable upper intake 
levels for vitamins and minerals: European Food Safety Authority, 2006.

 63.  Vieth R. Vitamin D supplementation, 25-hydroxyvitamin D concentrations, and safety. Am J Clin 
Nutr 1999;69(5):842-56.




