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Keywords: The aim of the present study is to summarize existing literature on
worldwide vitamin D status vitamin D levels in adults in different continents and different
25-hydroxyvitamin D countries woldwide. The best determinant of vitamin D status is the
vitamin D deficiency serum concentration of 25-hydroxyvitamin D (25(OH)D). Most
adults investigators agree that serum 25(OH)D should be higher than
50 nmol/l, but some recommend higher serum levels. Traditional
risk groups for vitamin D deficiency include pregnant women,
children, older persons, the institutionalized, and non-western
immigrants. This chapter shows that serum 25(0OH)D levels are not
only suboptimal in specific risk groups, but also in adults in many
countries. Especially, in the Middle-East and Asia, vitamin D defi-

ciency in adults is highly prevalent.
© 2011 Elsevier Ltd. All rights reserved.

Introduction

Vitamin D status has been studied in all continents and most countries over the world. Several
reviews have been published.!~® The best determinant of vitamin D status is the serum concentration
of 25-hydroxyvitamin D (25(0OH)D).! There is no general agreement on the required serum 25(0OH)D for
an adequate vitamin D status. Most investigators agree that serum 25(OH)D should be higher than
50 nmol/l, but some recommend higher serum levels, e.g. higher than 75 or even 100 nmol/L° The
Institute of Medicine has recently recommended that serum 25(OH)D is adequate when it is higher
than 50 nmol/1,'° similar to the recommendation of the Standing Committee of Europe Doctors (Www.
cpme.eu). Clinical vitamin D deficiency only occurs when serum 25(0OH)D is lower than 25 nmol/l. The
clinical picture includes muscle weakness, bone pain and fractures, while in children joint swelling and

* Corresponding author. Tel.: +31 20 4448439; Fax: +31 20 4446775.
E-mail address: nm.vanschoor@vumc.nl (N.M. van Schoor).

1521-690X/$ - see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.beem.2011.06.007


http://www.cpme.eu
http://www.cpme.eu
mailto:nm.vanschoor@vumc.nl
www.sciencedirect.com/science/journal/1521690X
http://www.elsevier.com/locate/beem
http://dx.doi.org/10.1016/j.beem.2011.06.007
http://dx.doi.org/10.1016/j.beem.2011.06.007

672 N.M. van Schoor, P. Lips / Best Practice & Research Clinical Endocrinology & Metabolism 25 (2011) 671-680

deformations prevail. In patients with rickets and osteomalacia serum 25(OH)D usually is lower than
15 nmol/l or even below the detection limit.!" The variation in serum 25(0OH)D measurements is still
considerable due to laboratory variation.'? Different radio-immunoassays yield different results and
the variation between laboratories may be as high as 30%. New methods such as liquid chromatography
followed by mass spectrometry give better results.”> Vitamin D status is determined by sunshine
exposure, skin pigmentation, clothing style, use of sunscreen, nutrition and supplements. A small part
of the serum 25(OH)D comes from dietary intake, especially fatty fish. The dietary intake is more
important when sunshine exposure is less. In the next paragraphs vitamin D status is described in
different continents and different countries. The emphasis is on vitamin D status in adults. Attention
will also be focussed on determinants of vitamin D status and on risk groups for vitamin D deficiency.
This chapter will end with a research agenda.

Europe

Vitamin D status in Europe varies according to latitude, season and skin pigmentation. The serum
25(0H)D level as observed in different studies'4-%® is shown in Fig. 1. As visible in this Figure, serum
25(0H)D is higher in Northern Europe than in Southern Europe and higher in Western than in Eastern
Europe. The higher levels in Northern Europe were also observed in some multicenter studies in which
one laboratory facility was used.'6829 The high serum 25(OH)D levels in Norway and Sweden are
probably due to a high intake of fatty fish and cod liver oil. The low serum 25(OH)D in Spain and Italy
and Greece may be due to more skin pigmentation and sunshine avoiding behavior.

Middle-East

The mean serum 25(OH)D levels in various countries of the Middle-East are shown in Fig. 2. Serum
25(0H)D shows a high variation in these countries.3°-3% In a population study of 1210 men and women
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Fig. 1. Mean serum 25(OH)D levels in Europe. The data come from different studies.'*~2® A rectangle around the number indicates
that it is a population-based study.
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Fig. 2. Mean serum 25(0OH)D levels from different studies in the Middle-East.3°-3%

in Iran between 20 and 69 years the mean serum 25(0OH)D was 20.6 nmol/1.3° Vitamin D status was
better in girls and boys between 14 and 18 years (mean 42 and 92 nmol/l, respectively).>® The lowest
serum 25(0OH)D was seen in a study of older persons in Saudi Arabia with a mean of 9 nmol/1.34 Studies
in Turkey and Jordania in women®®33 showed a strong relationship with clothing. Serum 25(0OH)D
decreased from women with western clothing going to traditional women with hijab and completely
veiled women with niqab. Men in these countries have higher levels than women.

Africa

Studies from Africa’-*3 show in general adequate or even high mean serum 25(0OH)D levels (Fig. 3).
Population-based data are not available. The studies from Tanzania and Guinea-Bissau showed a serum
25(0H)D of 87 and 78 respectively in tuberculosis patients.*%4? In a study in Gambian rural women,
serum 25(0OH)D was 91 nmol/1.3” A lower serum 25(0OH)D was measured in Tunesia with a mean level
of 35 nmol/l in veiled and 43 nmol/l in non-veiled women.*3

Asia

The mean serum 25(0H)D levels in different studies from Asia are shown in Fig. 4442 A low serum
25(0H)D was observed in hip fracture patients and controls of similar age in a study in Yekaterinburg in
Asian Russia.** Low serum 25(OH)D levels were also observed in Mongolia with a very low level in
rachitic children (7 nmol/l) and pregnant women (26 nmol/1).*> In a population study in Chinese girls of
12-15 years very low levels were found in winter (12-13 nmol/l).*> A low serum 25(OH)D was also
observed in India especially in women. Vitamin D status was better in Malaysia and Japan.*°-52

Oceania

The mean serum 25(0OH)D levels in different studies from Oceania, i.e. Australia, New Zealand and Pacific
Islands, are shown in Fig. 5.53759 Although Oceania has a very sunny climate, mean 25(0H)D levels were
below 50 nmol/l (39.7 nmol/l in low-level care and 31.4 nmol/l in high-level care) in a large sample of
women in residential care in three states of Australia (Western Australia, New South Wales, Victoria).>? In
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Fig. 3. Mean serum 25(0OH)D levels from different studies in Africa.’’~*> *) veiled; **) non-veiled.

individuals aged 60 years and older, mean 25(0OH)D levels appear higher in the mainland of Australia thanin
the island Tasmania.”® A study in 342 volunteers in Invercargill and Dunedin, New Zealand, showed large
seasonal variation with a mean 25(OH)D level of 51 nmol/l in early spring and 79 nmol/I in late summer.>®

North-America (including Canada and Mexico)

Many studies examining the vitamin D status in North-America were published (Fig. 6,°°-%%), among
which several representative samples of the US population. One of the largest representative samples
available is The National Health and Nutrition Examination Survey (NHANES). The most recent NHANES
data on vitamin D status are from 2005-2006. The mean serum 25(OH)D level in 4495 individuals was
49.8 nmol/l; 50.3 nmol/l in men and 49.5 nmol/l in women.%’ Interestingly, an earlier NHANES study
showed a mean 25(OH)D level of 75 nmol/l in 1988-1994 (n = 18883) and a mean 25(OH)D level of
60 nmol/l in 2001-2004 (n = 13369).%8 Although slightly different age ranges (20 + years in Forrest 2011;
12+ in Ginde 2009), these results indicate a decrease in mean serum 25(OH)D levels in the US population
even following adjustment for 25(0OH)D assay differences. In a sample of 1606 men aged 65 years and older,
the mean 25(0H)D level was 62.8 nmol/1%3; in a sample of 6307 women aged 65 years and older, the mean
25(0H)D level was 58.0 nmol/L.%* Very high vitamin D levels were observed in sunny California
(mean = 105.0 nmol/1).% In a representative sample of the Canadian population, the mean 25(OH)D levels
were 65.0, 66.5 and 72.0 nmol/l, respectively, at the ages 20-39, 40-59 and 60-79.%6 Only few studies were
published in Mexico. Most of these were in specific risk groups (e.g. children, persons having disease).

South-America

Only few studies on vitamin D status in South-America were published (Fig. 7,5°-72). Most of these
studies were small, and data from several countries are lacking. In a study in Argentina, a clear North-
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Fig. 4. Mean serum 25(OH)D levels from different studies in Asia.*4->2 *)
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Fig. 5. Mean serum 25(0OH)D levels in Oceania.”>~>°



676 N.M. van Schoor, P. Lips / Best Practice & Research Clinical Endocrinology & Metabolism 25 (2011) 671-680

68.3

60-68

Fig. 6. Mean serum 25(0OH)D levels in North-America.

South gradient was observed with higher vitamin D levels near the equator.%” In Chile, lower 25(0OH)D
levels were observed in postmenopausal as compared with premenopausal women.”! The observed
mean level in postmenopausal women in Chile (48.8 nmol/l) is very similar to the mean 25(0OH)D level
in independently living elderly in Brazil (49.5 nmol/1).”°

Risk groups

This chapter shows that serum 25(0OH)D levels are suboptimal in adults in many countries. Vitamin
D deficiency is even more common in specific risk groups. Vitamin D deficiency is prevalent in preg-
nant women and their newborns.*473-7> The highest risk was observed in black women and their
newborns. Low vitamin D levels were also reported in children,’® esp. obese children,’’ and in
adolescents.” Low vitamin D status in children and adolescents may be due to reduced intake or
synthesis of vitamin D3 (e.g. being born to a vitamin D deficient mother, dark skin color), abnormal
intestinal function or malabsorption (e.g. small-bowel disorders), or reduced synthesis or increased
degradation of 25(0OH)D or 1,25(0OH),D (e.g. chronic liver or renal disease).”® Older people have lower
dermal synthesis, and especially older people living in homes for the elderly or nursing homes who do
not come outside frequently, are at high risk of poor vitamin D status.>>7°-81 Non-Western immigrants
migrating to countries at higher latitudes with limited UV-B irradiation are at high risk because of more
pigmented skin, the habit to stay out of the sun, the wearing of well-covering clothes, and a diet low in
fish and dairy products.'*82-85 Non-western pregnant women show very low or sometimes unde-
tectable levels.®® Large ethnic differences in vitamin D levels were reported in the United States, esp.
between non-Hispanic white and non-Hispanic black people.?®
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Fig. 7. Mean serum 25(0OH)D levels in South-America.
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Research agenda

Comparisons between countries are more valid when a central laboratory facility has been
used. In general, a clear North-South gradient can be observed in global studies using a central
laboratory facility.® However, unexpectedly an inverse North-South gradient was seen in
Europe®® due to a high dietary intake of vitamin D in the Scandinavian countries. Therefore, there
is an urgent need for studies comparing countries, using a central laboratory facility. Otherwise,
studies should standardize their assays to one gold standard, i.e. liquid chromatography followed
by tandem mass spectrometry (LC MS/MS) in order to enhance comparability. In addition, when
viewing the Figures in the present study, it becomes clear that there is a need for prevalence
studies in the Middle-East, Africa, Asia, Mexico, and South-America. The importance of the dietary
intake versus sun exposure should be better defined. The risk groups for vitamin D deficiency
have to be described for different countries with respect to age, gender and season. These data are
needed to develop supplementation guidelines and programmes.
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Conclusion

Vitamin D deficiency has a high prevalence over the world, not only in risk groups. Especially, in the

Middle-East and Asia, vitamin D deficiency in adults is highly prevalent. Traditional risk groups include
young children, pregnant women, older persons, the institutionalized, and non-western immigrants.
Recent studies show that adolescents and young adults are at risk for vitamin D deficiency. Risk factors
for vitamin D deficiency include low sun exposure, skin pigmentation, sunscreen use, skin covering
clothes and a diet low in fish and dairy products.

References

1. Lips P. Vitamin D deficiency and secondary hyperparathyroidism in the elderly: consequences for bone loss and fractures
and therapeutic implications. Endocrine Reviews 2001; 22: 477-501.

2. McKenna M]J. Differences in vitamin D status between countries in young adults and the elderly. American Journal of
Medicine 1992; 93: 69-77.

3. Lips P. Worldwide status of vitamin D nutrition. The Journal of Steroid Biochemistry and Molecular Biology 2010; 121:
297-300.

4. Mithal A, Wahl DA, Bonjour JP et al. Global vitamin D status and determinants of hypovitaminosis D. Osteoporosis Inter-
national 2009; 20: 1807-1820.

5. Prentice A. Vitamin D deficiency: a global perspective. Nutrition Review 2008; 66: S153-S164.

*6. Kuchuk NO, van Schoor NM, Pluijm SM et al. Vitamin D status, parathyroid function, bone turnover, and BMD in post-
menopausal women with osteoporosis: global perspective. Journal of Bone and Mineral Research 2009; 24: 693-701.

7. Hagenau T, Vest R, Gissel TN et al. Global vitamin D levels in relation to age, gender, skin pigmentation and latitude: an
ecologic meta-regression analysis. Osteoporosis International 2009; 20: 133-140.

*8. Lips P, Duong T, Oleksik A et al. A global study of vitamin D status and parathyroid function in postmenopausal women
with osteoporosis: baseline data from the multiple outcomes of raloxifene evaluation clinical trial. The Journal of Clinical
Endocrinology & Metabolism 2001; 86: 1212-1221.

9. Holick MF. Vitamin D deficiency. The New England Journal of Medicine 2007; 357: 266-281.
*10. Ross AC, Manson JE, Abrams SA et al. The 2011 report on dietary reference intakes for calcium and vitamin D from the
Institute of Medicine: what clinicians need to know. The Journal of Clinical Endocrinology & Metabolism 2011; 96: 53-58.

11. Need AG, O’Loughlin PD, Morris HA et al. Vitamin D metabolites and calcium absorption in severe vitamin D deficiency.
Journal of Bone and Mineral Research 2008; 23: 1859-1863.

12. Lips P, Chapuy MC, Dawson-Hughes B et al. An international comparison of serum 25-hydroxyvitamin D measurements.
Osteoporosis International 1999; 9: 394-397.

*13. Vogeser M. Quantification of circulating 25-hydroxyvitamin D by liquid chromatography-tandem mass spectrometry. The
Journal of Steroid Biochemistry and Molecular Biology 2010; 121: 565-573.

14. Meyer HE, Falch JA, Sogaard A] et al. Vitamin D deficiency and secondary hyperparathyroidism and the association with
bone mineral density in persons with Pakistani and Norwegian background living in Oslo, Norway, The Oslo Health Study.
Bone 2004; 35: 412-417.

15. Melhus H, Snellman G, Gedeborg R et al. Plasma 25-hydroxyvitamin D levels and fracture risk in a community-based
cohort of elderly men in Sweden. The Journal of Clinical Endocrinology & Metabolism 2010; 95: 2637-2645.

16. Kauppi M, Impivaara O, Maki ] et al. Vitamin D status and common risk factors for bone fragility as determinants of
quantitative ultrasound variables in a nationally representative population sample. Bone 2009; 45: 119-124.

17. Pekkarinen T, Turpeinen U, Hamalainen E et al. Serum 25(0OH)D3 vitamin status of elderly Finnish women is suboptimal
even after summer sunshine but is not associated with bone density or turnover. European Journal of Endocrinology 2010;
162: 183-189.

18. Khaw KT, Sneyd M]J, Compston J. Bone density parathyroid hormone and 25-hydroxyvitamin D concentrations in middle
aged women. BMJ 1992; 305: 273-277.

19. Andersen R, Molgaard C, Skovgaard LT et al. Teenage girls and elderly women living in northern Europe have low winter
vitamin D status. European Journal of Clinical Nutrition 2005; 59: 533-541.

20. van Schoor NM, Visser M, Pluijm SM et al. Vitamin D deficiency as a risk factor for osteoporotic fractures. Bone 2008; 42:
260-266.

21. Boonen S, Vanderschueren D, Cheng XG et al. Age-related (type II) femoral neck osteoporosis in men: biochemical
evidence for both hypovitaminosis D- and androgen deficiency-induced bone resorption. Journal of Bone and Mineral
Research 1997; 12: 2119-2126.

22. Woitge HW, Scheidt-Nave C, Kissling C et al. Seasonal variation of biochemical indexes of bone turnover: results of
a population-based study. The Journal of Clinical Endocrinology & Metabolism 1998; 83: 68-75.

23. Chapuy MC, Preziosi P, Maamer M et al. Prevalence of vitamin D insufficiency in an adult normal population. Osteoporosis
International 1997; 7: 439-443.

24. Burnand B, Sloutskis D, Gianoli F et al. Serum 25-hydroxyvitamin D: distribution and determinants in the Swiss pop-
ulation. The American Journal of Clinical Nutrition 1992; 56: 537-542.

25. Quesada JM, Jans I, Benito P et al. Vitamin D status of elderly people in Spain. Age and Ageing 1989; 18: 392-397.

26. Bettica P, Bevilacqua M, Vago T et al. High prevalence of hypovitaminosis D among free-living postmenopausal women
referred to an osteoporosis outpatient clinic in northern Italy for initial screening. Osteoporosis International 1999; 9: 226-
2209,

27. Challa A, Ntourntoufi A, Cholevas V et al. Breastfeeding and vitamin D status in Greece during the first 6 months of life.

European Journal of Pediatrics 2005; 164: 724-729.



28.

29.

30.

31.

32.
33.
34.
*35.
36.
37.
38.
39.

40.

41.

42.

43.

44,

45.
46.

47.

48.

49.

50.

51.

52.
*53.
54.
55.
56.
57.
58.
59.
60.
61.

62.

N.M. van Schoor, P. Lips / Best Practice & Research Clinical Endocrinology & Metabolism 25 (2011) 671-680 679

Laktasic-Zerjavic N, Korsic M, Crncevic-Orlic Z et al. Vitamin D status, dependence on age, and seasonal variations in the
concentration of vitamin D in Croatian postmenopausal women initially screened for osteoporosis. Clinical Rheumatology
2010; 29: 861-867.

van der Wielen RP, Lowik MR, van den BH et al. Serum vitamin D concentrations among elderly people in Europe. Lancet
1995; 346: 207-210.

Alagol F, Shihadeh Y, Boztepe H et al. Sunlight exposure and vitamin D deficiency in Turkish women. Journal of Endo-
crinological Investigation 2000; 23: 173-177.

Atli T, Gullu S, Uysal AR et al. The prevalence of Vitamin D deficiency and effects of ultraviolet light on Vitamin D levels in
elderly Turkish population. Archives of Gerontology and Geriatrics 2005; 40: 53-60.

Gannage-Yared MH, Chemali R, Yaacoub N et al. Hypovitaminosis D in a sunny country: relation to lifestyle and bone
markers. Journal of Bone and Mineral Research 2000; 15: 1856-1862.

Mishal AA. Effects of different dress styles on vitamin D levels in healthy young Jordanian women. Osteoporosis Inter-
national 2001; 12: 931-935.

Sedrani SH, Elidrissy AW, El Arabi KM. Sunlight and vitamin D status in normal Saudi subjects. The American Journal of
Clinical Nutrition 1983; 38: 129-132.

Hashemipour S, Larijani B, Adibi H et al. Vitamin D deficiency and causative factors in the population of Tehran. BMC Public
Health 2004; 4: 38.

Moussavi M, Heidarpour R, Aminorroaya A et al. Prevalence of vitamin D deficiency in Isfahani high school students in
2004. Hormone Research 2005; 64: 144-148.

Aspray TJ, Yan L, Prentice A. Parathyroid hormone and rates of bone formation are raised in perimenopausal rural Gambian
women. Bone 2005; 36: 710-720.

M’'Buyamba-Kabangu JR, Fagard R, Lijnen P et al. Calcium, vitamin D-endocrine system, and parathyroid hormone in black
and white males. Calcified Tissue International 1987; 41: 70-74.

Friis H, Range N, Pedersen ML et al. Hypovitaminosis D is common among pulmonary tuberculosis patients in Tanzania
but is not explained by the acute phase response. Journal of Nutrition 2008; 138: 2474-2480.

Wejse C, Gomes VF, Rabna P et al. Vitamin D as supplementary treatment for tuberculosis: a double-blind, randomized,
placebo-controlled trial. American Journal of Respiratory and Critical Care Medicine 2009; 179: 843-850.

Haarburger D, Hoffman M, Erasmus RT et al. Relationship between vitamin D, calcium and parathyroid hormone in Cape
Town. Journal of Clinical Pathology 2009; 62: 567-569.

Mehta S, Hunter D], Mugusi FM et al. Perinatal outcomes, including mother-to-child transmission of HIV, and child
mortality and their association with maternal vitamin D status in Tanzania. Journal of Infectious Diseases 2009; 200: 1022—
1030.

Meddeb N, Sahli H, Chahed M et al. Vitamin D deficiency in Tunisia. Osteoporosis International 2005; 16: 180-183.
Bakhtiyarova S, Lesnyak O, Kyznesova N et al. Vitamin D status among patients with hip fracture and elderly control
subjects in Yekaterinburg, Russia. Osteoporosis International 2006; 17: 441-446.

Fraser DR. Vitamin D-deficiency in Asia. The Journal of Steroid Biochemistry and Molecular Biology 2004; 89-90: 491-495.
Sachan A, Gupta R, Das V et al. High prevalence of vitamin D deficiency among pregnant women and their newborns in
northern India. The American Journal of Clinical Nutrition 2005; 81: 1060-1064.

Arya V, Bhambri R, Godbole MM et al. Vitamin D status and its relationship with bone mineral density in healthy Asian
Indians. Osteoporosis International 2004; 15: 56-61.

Harinarayan CV. Prevalence of vitamin D insufficiency in postmenopausal south Indian women. Osteoporosis International
2005; 16: 397-402.

Rahman SA, Chee WS, Yassin Z et al. Vitamin D status among postmenopausal Malaysian women. Asia Pacific Journal of
Clinical Nutrition 2004; 13: 255-260.

Nakamura K, Nashimoto M, Matsuyama S et al. Low serum concentrations of 25-hydroxyvitamin D in young adult
Japanese women: a cross sectional study. Nutrition 2001; 17: 921-925.

Ono 'Y, Suzuki A, Kotake M et al. Seasonal changes of serum 25-hydroxyvitamin D and intact parathyroid hormone levels in
a normal Japanese population. Journal of Bone and Mineral Metabolism 2005; 23: 147-151.

Nakamura K. Vitamin D insufficiency in Japanese populations: from the viewpoint of the prevention of osteoporosis.
Journal of Bone and Mineral Metabolism 2006; 24: 1-6.

Flicker L, Mead K, Maclnnis R] et al. Serum vitamin D and falls in older women in residential care in Australia. Journal of the
American Geriatrics Society 2003; 51: 1533-1538.

Lucas JA, Bolland M], Grey AB et al. Determinants of vitamin D status in older women living in a subtropical climate.
Osteoporosis International 2005; 16: 1641-1648.

Bolland M]J, Grey AB, Ames RW et al. Determinants of vitamin D status in older men living in a subtropical climate.
Osteoporosis International 2006; 17: 1742-1748.

van der Mei I, Ponsonby AL, Engelsen O et al. The high prevalence of vitamin D insufficiency across Australian populations
is only partly explained by season and latitude. Environmental Health Perspectives 2007; 115: 1132-1139.

Heere C, Skeaff CM, Waqatakirewa L et al. Serum 25-hydroxyvitamin D concentration of Indigenous-Fijian and Fijian-
Indian women. Asia Pacific Journal of Clinical Nutrition 2010; 19: 43-48.

Vu LH, Whiteman DC, van der Pols JC et al. Serum vitamin d levels in office workers in a subtropical climate. Photo-
chemistry and Photobiology 2011; 87: 714-720.

Rockell JE, Skeaff CM, Venn BJ et al. Vitamin D insufficiency in New Zealanders during the winter is associated with higher
parathyroid hormone concentrations: implications for bone health? The New Zealand Medical Journal 2008; 121: 75-84.
Lappe JM, Davies KM, Travers-Gustafson D et al. Vitamin D status in a rural postmenopausal female population. Journal of
the American College of Nutrition 2006; 25: 395-402.

Egan KM, Signorello LB, Munro HM et al. Vitamin D insufficiency among African-Americans in the southeastern United
States: implications for cancer disparities (United States). Cancer Causes and Control 2008; 19: 527-535.

Genuis SJ, Schwalfenberg GK, Hiltz MN et al. Vitamin D status of clinical practice populations at higher latitudes: analysis
and applications. International Journal of Environmental Research and Public Health 2009; 6: 151-173.



680

63.

64.

65.

*66.

*67.

*68.
*69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.

86.

N.M. van Schoor, P. Lips / Best Practice & Research Clinical Endocrinology & Metabolism 25 (2011) 671-680

Orwoll E, Nielson CM, Marshall LM et al. Vitamin D deficiency in older men. The Journal of Clinical Endocrinology &
Metabolism 2009; 94: 1214-1222.

Ensrud KE, Ewing SK, Fredman L et al. Circulating 25-hydroxyvitamin D levels and frailty status in older women. The
Journal of Clinical Endocrinology & Metabolism 2010; 95: 5266-5273.

Jassal SK, Chonchol M, von Miihlen MD et al. Vitamin d, parathyroid hormone, and cardiovascular mortality in older
adults: the Rancho Bernardo study. American Journal of Medicine 2010; 123: 1114-1120.

Langlois K, Greene-Finestone L, Little | et al. Vitamin D status of Canadians as measured in the 2007 to 2009 Canadian
health Measures Survey. Health Reports 2010; 21: 47-55.

Forrest KY, Stuhldreher WL. Prevalence and correlates of vitamin D deficiency in US adults. Nutrition Research 2011; 31:
48-54.

Ginde AA, Liu MC, Camargo Jr. CA. Demographic differences and trends of vitamin D insufficiency in the US population,
1988-2004. Archives of Internal Medicine 2009; 169: 626-632.

Oliveri B, Plantalech L, Bagur A et al. High prevalence of vitamin D insufficiency in healthy elderly people living at home in
Argentina. European Journal of Clinical Nutrition 2004; 58: 337-342.

Saraiva GL, Cendoroglo MS, Ramos LR et al. Influence of ultraviolet radiation on the production of 25 hydroxyvitamin D in
the elderly population in the city of Sao Paulo (23 degrees 34'S), Brazil. Osteoporosis International 2005; 16: 1649-1654.
Gonzalez G, Alvarado ]N, Rojas A et al. High prevalence of vitamin D deficiency in Chilean healthy postmenopausal women
with normal sun exposure: additional evidence for a worldwide concern. Menopause 2007; 14: 455-461.

Sud SR, Montenegro-Bethancourt G, Bermudez Ol et al. Older Mayan residents of the western highlands of Guatemala lack
sufficient levels of vitamin D. Nutrition Research 2010; 30: 739-746.

Ginde AA, Sullivan AF, Mansbach JM et al. Vitamin D insufficiency in pregnant and nonpregnant women of childbearing
age in the United States. American Journal of Obstetrics & Gynecology 2010; 202: 436-438.

Bodnar LM, Simhan HN, Powers RW et al. High prevalence of vitamin D insufficiency in black and white pregnant women
residing in the northern United States and their neonates. Journal of Nutrition 2007; 137: 447-452.

Bowyer L, Catling-Paull C, Diamond T et al. Vitamin D, PTH and calcium levels in pregnant women and their neonates.
Clinical Endocrinology (Oxf) 2009; 70: 372-377.

Mansbach JM, Ginde AA, Camargo Jr. CA. Serum 25-hydroxyvitamin D levels among US children aged 1 to 11 years: do
children need more vitamin D? Pediatrics 2009; 124: 1404-1410.

Elizondo-Montemayor L, Ugalde-Casas PA, Serrano-Gonzalez M et al. Serum 25-Hydroxyvitamin D concentration, life
factors and obesity in Mexican children. Obesity (Silver Spring) 2009.

Munns C, Zacharin MR, Rodda CP et al. Prevention and treatment of infant and childhood vitamin D deficiency in Australia
and New Zealand: a consensus statement. The Medical Journal of Australia 2006; 185: 268-272.

Toss G, Almqvist S, Larsson L et al. Vitamin D deficiency in welfare institutions for the aged. Acta Medica Scandinavica
1980; 208: 87-89.

McKenna M], Freaney R, Meade A et al. Hypovitaminosis D and elevated serum alkaline phosphatase in elderly Irish
people. The American Journal of Clinical Nutrition 1985; 41: 101-109.

Portela ML, Monico A, Barahona A et al. Comparative 25-OH-vitamin D level in institutionalized women older than 65
years from two cities in Spain and Argentina having a similar solar radiation index. Nutrition 2010; 26: 283-289.

van der Meer [, Middelkoop BJ, Boeke AJ et al. Prevalence of vitamin D deficiency among Turkish, Moroccan, Indian and
sub-Sahara African populations in Europe and their countries of origin: an overview. Osteoporosis International 2010.
McGillivray G, Skull SA, Davie G et al. High prevalence of asymptomatic vitamin D and iron deficiency in East African
immigrant children and adolescents living in a temperate climate. Archives of Disease in Childhood 2007; 92: 1088-1093.
Wishart HD, Reeve AM, Grant CC. Vitamin D deficiency in a multinational refugee population. Internal Medicine Journal
2007; 37: 792-797.

van der Meer I, Boeke AJ, Lips P et al. Fatty fish and supplements are the greatest modifiable contributors to the serum 25-
hydroxyvitamin D concentration in a multiethnic population. Clinical Endocrinology (Oxf) 2008; 68: 466-472.

van der Meer I, Karamali NS, Boeke A] et al. High prevalence of vitamin D deficiency in pregnant non-Western women in
The Hague, Netherlands. The American Journal of Clinical Nutrition 2006; 84: 350-353.



	 Worldwide vitamin D status
	 Introduction
	 Europe
	 Middle-East
	 Africa
	 Asia
	 Oceania
	 North-America (including Canada and Mexico)
	 South-America
	 Risk groups
	 Conclusion
	 References


