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Vitamin D deficiency seems to be common among northern Native peoples, notably Inuit and Amerindians.

It has usually been attributed to: (1) higher latitudes that prevent vitamin D synthesis most of the year;

(2) darker skin that blocks solar UVB; and (3) fewer dietary sources of vitamin D. Although vitamin D levels

are clearly lower among northern Natives, it is less clear that these lower levels indicate a deficiency.

The above factors predate European contact, yet pre-Columbian skeletons show few signs of rickets*the

most visible sign of vitamin D deficiency. Furthermore, because northern Natives have long inhabited high

latitudes, natural selection should have progressively reduced their vitamin D requirements. There is in fact

evidence that the Inuit have compensated for decreased production of vitamin D through increased

conversion to its most active form and through receptors that bind more effectively. Thus, when diagnosing

vitamin D deficiency in these populations, we should not use norms that were originally developed for

European-descended populations who produce this vitamin more easily and have adapted accordingly.
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V
itamin D enables the human body to absorb

calcium and phosphorus from food passing

through the gut. It is thus essential to bone

formation, as well as to proper functioning of the

cardiovascular and central nervous systems. Deficiency

notably results in rickets, which is an impaired miner-

alization of developing bone tissue. There may also be

increased risk of age-related chronic diseases: osteopo-

rosis, various cancers, diabetes, autoimmune disorders,

hypertension, atherosclerosis, muscle weakness, multiple

sclerosis, Alzheimer’s and Parkinson’s disease (1�3).

Excessive intake of vitamin D, however, likewise leads

to adverse health outcomes, often the same ones that

result from insufficient intake. Disease risk thus follows a

U-shaped curve as a function of vitamin D serum levels,

with optimal levels corresponding to a relatively narrow

‘‘trough.’’ This curve may reflect interaction between

vitamin D and signalling pathways that influence growth,

ageing and cancer (1,4�6).

Vitamin D has few dietary sources, the main excep-

tion being the liver oils of fatty fishes. Humans,

however, can synthesize it on their own through the

action of ultraviolet light (UVB wavelengths 295 to 300

nm) on sterols present in the skin. These sterols are

converted to vitamin D3, which in turn is converted

through hydroxylation in the liver to 25(OH)D, and

then in the kidneys to 1,25(OH)2D, the most active form

of vitamin D.

Vitamin D levels in northern Natives
Both vitamin D deficiency and rickets seem to be

unusually frequent among Native peoples at northern

latitudes (7�10). In Canada, a quarter of all cases involve

Amerindian or Inuit children, with the highest incidences

being in the Yukon Territory, the Northwest Territories

and Nunavut (7). This susceptibility has been attributed

to 3 predisposing factors:

1) Northern Native peoples live at latitudes that receive

too little sunlight most of the year for vitamin D

synthesis in the skin.

2) Their skin is darker than that of Europeans and thus

blocks more solar UVB.

3) Except for the Inuit and a few other coastal groups,

they ingest very little vitamin D from dietary
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sources, like fatty fish. Many inland groups consume

little or no fish, and most of the inland fish species

are not rich in vitamin D.

This oft-cited explanation nonetheless has several

weaknesses. First, all 3 of the above factors are long-

standing and predate the first contacts between northern

Native peoples and Europeans, yet pre-Columbian skele-

tons show few signs of rickets (11). Moreover, if the

problem were insufficient vitamin D for the body’s

requirements, natural selection should have gradually

reduced these requirements in one way or another, just

as it has created other adaptations to northern environ-

ments, like greater tolerance for a high-fat diet (12), faster

recovery from cold stress (13,14) and less sinus exposure

to cold (15).

Second, public health authorities calculate the inci-

dence of vitamin D deficiency rickets by excluding those

cases that have dietary causes (7). But dietary causes are

ubiquitous. Northern Natives eat much less meat now

than in the past, and a high meat diet seems to reduce the

risk of rickets independently of vitamin D intake (16).

Modern diets also contain substances that react with

calcium or phosphorus to form insoluble salts, thereby

depleting the body’s supply of usable calcium and

phosphorus. Such substances include phytic acids in

commercially processed cereals, sodium bicarbonate in

baking soda, and aluminum hydroxide in antacids. Cereal

induced rickets has been reported by several authors

(17�20). In particular, unleavened bread and chapatti

have been blamed for the relatively high incidence of

rickets in the Middle East and South Asia (21,22).

Antacid-induced rickets has likewise been widely

reported (23�28). It can even result from typical levels

of antacid intake: 42 to 48 mL of Maalox per day over 5

to 6 weeks in the case of a 3-month-old, and 4 to 8

teaspoons of Mylanta per day over 5 years in the case of a

young man (25,26). Given the differences in calcium

metabolism between Inuit and Europeans (29), northern

Natives may be more vulnerable to these calcium and

phosphorus precipitating substances.

Third, when northern Natives develop rickets, they are

routinely diagnosed as having vitamin D deficiency if

their serum 25(OH)D level is low. Yet this level is often

low even in apparently healthy Inuit and Amerindians

(8,9,29). In Manitoba, 32% of rural Amerindian women

and 30.4% of urban Amerindian women have serum

25(OH)D levels of less than 37.5 nmol/L (9). Such levels

are well below the current recommended minimum of

75 nmol/L. Thus, among northern peoples, the purported

association between rickets and low vitamin D levels may

be more apparent than real.

Indeed, vitamin D levels are generally low in darker-

skinned human populations, even those that still inhabit

the tropical zone and receive intense sunlight. Among

young, tanned Hawaiians with 22.4 hours per week of

unprotected sun exposure, 51% were found to have serum

25(OH)D below 75 nmol/L (30). A study from south

India found levels below 50 nmol/L in 44% of the men

and in 70% of the women. The subjects were ‘‘agricultural

workers starting their day at 0800 and working outdoors

until 1700 with their face, chest, back, legs, arms, and

forearms exposed to sunlight’’ (22). In a study from Saudi

Arabia, levels were below 25 nmol/L in 35%, 45%, 53%

and 50% of normal male university students of Saudi,

Jordanian, Egyptian and other origins, respectively (31).

In a sample of healthy Middle Eastern athletes, 91% had

levels below 50 nmol/L (32). There is significant variation

even among Europeans, with levels being lower in central

and southern Europeans than in lighter-skinned Swedes

(33). Finally, a meta analysis concluded that serum

25(OH)D levels are significantly lower in people of

non-European origin than in people of European origin.

In the first group, the levels are consistently low regard-

less of latitude (34).

Adaptations to low vitamin D levels
Darker-skinned humans seem to cope with low levels of

vitamin D by using this vitamin more efficiently or by

increasing calcium and phosphorus absorption via other

means (35).

Thus, a single UVB exposure produces less vitamin D3

in black subjects than in whites. The difference narrows,

however, after liver hydroxylation to 25(OH)D, and

disappears after kidney hydroxylation to 1,25(OH)2D.

The most active form of vitamin D is thereby kept at a

constant level regardless of skin colour (36�38). This may

be why nearly half of African Americans are classified as

vitamin D deficient and yet few show signs of calcium

deficiency. In fact, this population has less osteoporosis,

fewer fractures and a higher bone mineral density than

do Euro-Americans, who generally produce and ingest

more vitamin D (39). The same apparent contradiction

emerges from a survey of East African immigrant

children in Australia. None had rickets despite very low

serum 25(OH)D, with 87% of them having less than

50 nmol/L and 44% having less than 25 nmol/L (40).

These levels are apparently lower for genetic reasons.

A study of African Americans found that serum

25(OH)D decreased linearly with increasing African

ancestry, the decrease being 2.5�2.75 nmol/L per 10%

increase in African ancestry. The study also found that

sunlight and diet were 46% less effective in raising these

levels among subjects with high African ancestry than

among those with low/medium African ancestry (41).

Low vitamin D levels have led to similar adaptations

in other darker-skinned populations. The Inuit have

normal serum calcium despite low serum 25(OH)D and

a calcium-deficient diet. They seem to absorb calcium

more efficiently, perhaps because of receptors that bind
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more strongly to the vitamin D molecule (42). They also

have above-normal levels of 1,25(OH)2D despite having

low levels of 25(OH)D. Thus, in Inuit peoples, vitamin D

is produced at a lower rate but is then converted at a

higher rate to its most active form (29). Perhaps for

similar reasons, Amerindian women have lower serum

25(OH)D than do European American women and yet

possess a higher bone mass until menopause (9,43).

In sum, there are many possible reasons why some

human populations have managed to survive and even

thrive despite apparently deficient levels of vitamin D.

This vitamin may be less necessary because stores of

calcium and phosphorus are used more efficiently,

because these elements are absorbed from the gut via

alternate metabolic pathways, because vitamin D is

transported more efficiently through the bloodstream

and into target tissues, because the vitamin D receptor

binds more strongly to this molecule, or because

25(OH)D is converted to 1,25(OH)2D at a higher rate

(6,44).

Ethnic differences in vitamin D toxicity
If the optimal range of 25(OH)D is lower in darker-

skinned peoples, the upper boundary where toxicity

begins will correspondingly be lower, perhaps lower

than current recommended levels.

This toxicity threshold is still debated even with regard

to European populations, for whom we have more data.

It may be that this threshold differs from one disease risk

to the next, although the differences in the literature

could also reflect differences in methodology or study

population. In particular, most studies poorly control for

ethnic origin. Participants are often described as ‘‘white’’

or ‘‘Caucasian,’’ yet vitamin D metabolism may signifi-

cantly differ between lighter-skinned northern Europeans

and darker skinned southern Europeans (33).

Nonetheless, there is broad agreement that a U-shaped

response curve describes the relationship between serum

25(OH)D and various disease risks (45). According to

a Finnish study, the risk of prostate cancer increases

below 40 nmol/L and above 60 nmol/L (1,4). In women

from the United States, Finland and China, mortality

for 7 types of cancer (endometrial, esophageal, gastric,

kidney, non-Hodgkin’s lymphoma, pancreatic, ovarian)

increases below 45 nmol/L and above 124 nmol/L (46).

Another transnational study reported that the risk of

pancreatic cancer is higher above 100 nmol/L (47). The

Framingham Heart Study concluded that cardiovascular

disease risk increases below 50 nmol/L and above 62.5

nmol/L, while the NHANES III found higher all-cause

mortality above 122.5 nmol/L (48). Perhaps most worri

some, animal and human studies have indicated a

U-shaped response curve for lifespan, with premature

ageing associated with both too little and too much

vitamin D (1,4).

These response curves generally bottom out at a lower

range of 25(OH)D levels when the population is of

non-European descent. For risk of pancreatic cancer,

the optimal range seems to be lower among Chinese than

among European Americans (47). For risk of athero-

sclerosis, the optimal range is likewise lower among

African Americans than among European Americans.

A sample of African Americans showed a positive corre-

lation between calcified plaque formation and serum

25(OH)D (mean�50.4930.5 nmol/L), despite a negative

correlation among European Americans over the same

range (49). Similarly, vitamin D supplementation did not

benefit a sample of postmenopausal African-American

women in terms of less bone loss or more bone turnover,

even though mean serum 25(OH)D was only 47 nmol/L

before supplementation (50).

Northern Native peoples may likewise respond nega-

tively to vitamin D supplementation, just as Inuit

children respond negatively to calcium supplementation

despite an apparently calcium-deficient diet (42).

Conclusion
Much work remains to be done to understand the

differences in vitamin D metabolism among human

populations. Clearly, humans have successfully adapted

to environments where vitamin D is much less available

through solar UVB synthesis in the skin or through

dietary intake. Such adaptation has probably come about

through a number of physiological changes, given the

complexity of vitamin D metabolism and the possibilities

for alternate metabolic pathways.

There is thus good reason to believe that we are

pathologizing northern Natives who, in fact, are quite

healthy. Our vitamin D norms may simply reflect what is

normal for humans whose physiology has adapted to

lighter skin, lower latitudes and more solar UVB.

For the time being, it would be unwise to supplement

the diets of northern Native peoples with vitamin D in

the hope of lowering disease risk. The actual health

outcomes might not be as expected. In particular, if lower

serum 25(OH)D levels simply reflect a lower optimal

range, dietary supplementation might push treated in-

dividuals into a zone of suboptimal or even adverse

outcomes.
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de Deuxchaisnes C. Antacid-induced osteomalacia. Clin

Rheumatol. 1996;15(1):75�80.

24. Cooke N, Teitelbaum S, Avioli LV. Antacid-induced osteoma-

lacia and nephrolithiasis. Arch Intern Med. 1978;138(6):

1007�9.

25. Foldes J, Balena R, Ho A, Parfitt AM, Kleerekoper M.

Hypophosphatemic rickets with hypocalciuria following long-

term treatment with aluminum-containing antacid. Bone.

1991;12(2):67�71.

26. Pattaragarn A, Alon US. Antacid-induced rickets in infancy.

Clin Pediatr. 2001;40(7):389�93.

27. Pivnick EK, Kerr NC, Kaufman RA, Jones DP, Chesney RW.

Rickets secondary to phosphate depletion: a sequela of antacid

use in infancy. Clin Pediatr. 1995;34(2):73�8.

28. Shetty AK, Thomas T, Rao J, Vargas A. Rickets and sec-

ondary craniosynostosis associated with long-term antacid

use in an infant. Arch Pediatr Adolesc Med. 1998;152(12):

1243�5.

29. Rejnmark L, Jørgensen ME, Pedersen MB, Hansen JC,

Heickendorff L, Lauridsen AL, et al. Vitamin D insufficiency

in Greenlanders on a Westernized fare: ethnic differences

in calcitropic hormones between Greenlanders and Danes.

Calcif Tissue Int. 2004;74(3):255�63.

30. Binkley N, Novotny R, Krueger D, Kawahara T, Daida YG,

Lensmeyer G, et al. Low vitamin D status despite abundant

sun exposure. J Clin Endocrinol Metab. 2007;92(6):2130�5.

31. Sedrani SH. Low 25-hydroxyvitamin D and normal serum

calcium concentrations in Saudi Arabia: Riyadh region.

Ann Nutr Metab. 1984;28(3):181�5.

32. Hamilton B, Grantham J, Racinais S, Chalabi H. Vitamin D

deficiency is endemic in Middle Eastern sportsmen. Public

Health Nutr. 2010;13(10):1528�34.

33. Snellman G, Melhus H, Gedeborg R, Olofsson S, Wolk A,

Pedersen NL, et al. Seasonal genetic influence on serum

25-hydroxyvitamin D levels: a twin study. PloS ONE.

2009;4(11):e7747.

34. Hagenau T, Vest R, Gissel TN, Poulsen CS, Erlandsen M,

Mosekilde L, et al. Global vitamin D levels in relation to

age, gender, skin pigmentation and latitude: an ecologic

meta-regression analysis. Osteoporos Int. 2009;20(1):133�40.

35. Frost P. Black-white differences in cancer risk and the vitamin-

D hypothesis. J Natl Med Assoc. 2009;101(12):1310�3.

36. Bogh MKB, Schmedes AV, Philipsen PA, Thieden E, Wulf HC.

Vitamin D production after UVB exposure depends on base-

line vitamin D and total cholesterol but not on skin pigmen-

tation. J Invest Dermatol. 2010;130(2):546�53.

37. Matsuoka LY, Wortsman J, Haddad JG, Kolm P, Hollis BW.

Racial pigmentation and the cutaneous synthesis of vitamin D.

Arch Dermatol. 1991;127(4):536�8.

38. Matsuoka LY, Wortsman J, Chen TC, Holick MF. Compen-

sation for the interracial variance in the cutaneous synthesis of

vitamin D. J Lab Clin Med. 1995;126(5):452�7.

39. Robins AH. The evolution of light skin color: role of vitamin

D disputed. Am J Phys Anthropol. 2009;139(4):447�50.

40. McGillivray G, Skull SA, Davie G, Kofoed SE, Frydenberg A,

Rice J, et al. High prevalence of asymptomatic vitamin-D

and iron deficiency in East African immigrant children and

adolescents living in a temperate climate. Arch Dis Child.

2007;92(12):1088�93.

41. Signorello LB, Williams SM, Zheng W, Smith JR, Long J,

Cai Q, et al. Blood vitamin D levels in relation to genetic

estimation of African ancestry. Cancer Epidemiol Biomarkers

Prev. 2010;19(9):2325�31.

42. Sellers EAC, Sharma A, Rodd C. Adaptation of Inuit children

to a low-calcium diet. Can Med Assoc J. 2003;168(9):1141�3.

43. Perry HM, Bernard M, Horowitz M, Miller DK, Fleming S,

Baker MZ, et al. The effect of aging on bone mineral

Peter Frost

4
(page number not for citation purpose)

Citation: Int J Circumpolar Health 2012, 71: 18001 - DOI: 10.3402/IJCH.v71i0.18001

http://journals.sfu.ca/coaction/index.php/ijch/article/view/18001


metabolism and bone mass in Native American women.

J Am Geriatr Soc. 1998;46(11):1418�22.

44. Wang TJ, Zhang F, Richards JB, Kestenbaum B, van Meurs

JB, Berry D, et al. Common genetic determinants of

vitamin D insufficiency: a genome-wide association study.

Lancet. 2010;376(9736):180�8.

45. Shroff R, Knott C, Rees L. The virtues of vitamin D � but how

much is too much? Pediatr Nephrol. 2010;25(9):1607�20.

46. Helzlsouer KJ and Steering Committee of Vitamin D Pooling

Project of Rarer Cancers. Vitamin D: panacea or a Pandora’s

box for prevention? Cancer Prev Res. 2010;3(1 Suppl 1):

PL04�05.

47. Stolzenberg-Solomon RZ, Jacobs EJ, Arslan AA, Qi D,

Patel AV, Helzlsouer KJ, et al. Circulating 25-hydroxyvitamin

D and risk of pancreatic cancer. Cohort Consortium Vitamin

D Pooling Project of Rarer Cancers. Am J Epidemiol. 2010;

172(1):81�93.

48. Davis CD. Vitamin D and health: can too much be harmful?

Am J Lifestyle Med. 2009;3(5):407�8.

49. Freedman BI, Wagenknecht LE, Hairston KG, Bowden DW,

Carr JJ, Hightower RC, et al. Vitamin D, adiposity, and

calcified atherosclerotic plaque in African-Americans. J Clin

Endocrinol Metab. 2010;95(3):1076�83.

50. Aloia JF, Talwar SA, Pollack S, Yeh J. A randomized

controlled trial of vitamin D3 supplementation in African

American women. Arch Intern Med. 2005;165(14):1618�23.

*Peter Frost
a/s Bernard Saladin d’Anglure
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