746

References
1. Institute of Medicine (2011) Dietary Reference Intakes for
Calcium and Vitamin D. Washington, DC: The National
Academies Press.
2. Ross AC, Manson JE, Abrams SA et al. (2011) The 2011
report on dietary reference intakes for calcium and vitamin
D from the Institute of Medicine: what clinicians need to
know. J Clin Endocrinol Metab 96, 53–58.
3. GrassrootsHealth (2010) Scientists’ Call to D*action. The
Vitamin D Deficiency Epidemic. http://grassrootshealth.
net/epidemic (accessed December 2010).
4. Hyppönen E & Power C (2007) Hypovitaminosis D in
British adults at age 45 y: nationwide cohort study of
dietary and lifestyle predictors. Am J Clin Nutr 85, 860–868.
5. Garland CF & Garland FC (1980) Do sunlight and vitamin D
reduce the likelihood of colon cancer? Int J Epidemiol 9,
227–231.
6. Grant WB & Garland CF (2006) The association of solar
ultraviolet B (UVB) with reducing risk of cancer: multifactorial
ecologic analysis of geographic variation in age-adjusted
cancer mortality rates. Anticancer Res 26, 2687–2699.
7. Boscoe FP & Schymura MJ (2006) Solar ultraviolet-B
exposure and cancer incidence and mortality in the United
States, 1993–2000. BMC Cancer 6, 264.
8. Mohr SB (2009) A brief history of vitamin D and cancer
prevention. Ann Epidemiol 19, 79–83.
9. Grant WB & Mohr SB (2009) Ecological studies of
ultraviolet B, vitamin D and cancer since 2000. Ann
Epidemiol 19, 446–454.
10. Grant WB (2009) How strong is the evidence that solar
ultraviolet B and vitamin D reduce the risk of cancer? An
examination using Hill’s criteria for causality. DermatoEndocrinology 1, 17–24.
11. Grant WB (2007) A meta-analysis of second cancers after
a diagnosis of nonmelanoma skin cancer: additional
evidence that solar ultraviolet-B irradiance reduces the risk
of internal cancers. J Steroid Biochem Mol Biol 103,
668–674.
12. Grant WB (2007) An ecologic study of cancer mortality
rates in Spain with respect to indices of solar UV irradiance
and smoking. Int J Cancer 120, 1123–1127.
13. Tuohimaa P, Pukkala E, Scelo G et al. (2007) Does solar
exposure, as indicated by the non-melanoma skin cancers,
protect from solid cancers: vitamin D as a possible
explanation. Eur J Cancer 43, 1701–1712.
14. John EM, Koo J & Schwartz GG (2009) Sun exposure and
prostate cancer risk: evidence for a protective effect of
early-life exposure. Cancer Epidemiol Biomarkers Prev 16,
1283–1286.
15. Freedman DM, Dosemeci M & McGlynn K (2002) Sunlight
and mortality from breast, ovarian, colon, prostate, and
non-melanoma skin cancer: a composite death certificate
based case–control study. Occup Environ Med 59,
257–262.
16. Seidler A, Hammer GP, Husmann G et al. (2008) Cancer
risk among residents of Rhineland-Palatinate winegrowing
communities: a cancer-registry based ecological study.
J Occup Med Toxicol 3, 12.
17. Grant WB (2010) Cancer risk ecological study in RhinelandPalatinate, Germany, provides strong support for the
ultraviolet B–vitamin D–cancer hypothesis. J Occup Med
Toxicol; available at http://www.occup-med.com/content/
3/1/12/comments
18. Kricker A, Armstrong BK, Hughes AM et al. (2008) Personal
sun exposure and risk of non Hodgkin lymphoma: a
pooled analysis from the Interlymph Consortium. Int J
Cancer 122, 144–154.
19. Yin L, Grandi N, Raum E et al. (2010) Meta-analysis: serum
vitamin D and breast cancer risk. Eur J Cancer 46,
2196–2205.

Letters to the Editor
20. Drake MT, Maurer MJ, Link BK et al. (2010) Vitamin D
insufficiency and prognosis in non-Hodgkin’s lymphoma.
J Clin Oncol 28, 4191–4198.

Vitamin D
A Canadian response to the 2010 Institute of
Medicine vitamin D and calcium guidelines
Madam
The new Institute of Medicine (IOM) guidelines(1) for
vitamin D are a step in the right direction to indicate a
greater amount of vitamin D is needed than previously
thought; however, there are a number of shortcomings
and unanswered questions.
First, the minimum daily requirement has tripled from 5 to
15 mg/d for bone health. This information is welcome. This
would bring most people in the general population to a
25-hydroxyvitamin D (25(OH)D; the metabolite measured for
status) level .50 nmol/l, according to this report. However,
this is not an adequate cut-off since maximum absorption of
Ca improves up to about 80 nmol/l(2), which would in turn
improve bone health. Parathyroid hormone (PTH) levels
increase rapidly with 25(OH)D levels ,50 nmol/l, but there
are clinical studies that show a gradual rise in PTH with
levels of 25(OH)D ,78 nmol/l(3). Thus, the cut-off should
be 80 nmol/l, not 50 nmol/l, and many researchers across
the world would agree with this. The Canadian Osteoporosis Society recommends achieving .75 nmol/l with
20 mg of vitamin D daily but acknowledges that intakes
up to 50 mg/d are required(4). Dental health would be
improved in all people with levels above 20 mg/d, as 10 or
15 mg/d did not show any benefit(5). This has been known
since the 1930s and 1940s but has not been addressed.
Second, to say that most people have adequate levels
from diet, even for bone health, using the conservative cutoff of 50 nmol/l is certainly not true. This is especially so in
Canada where the latitude and long winters contribute to
the low vitamin D levels. Two studies show that many
population groups in Canada have very low levels of
vitamin D and about 18% of Canadians have levels below
40 nmol/l(6,7). In the Canadian Health Measures Survey,
respondents who were not white had 25(OH)D levels
20 nmol/l lower than those of white European origin(4).
Supplementation with vitamin D at 50 mg/d in a nursing
home setting, where levels average about 35–40 nmol/l
because of little or no sun exposure, did not achieve levels
over 80 nmol/l in 6% of the population studied and did not
result in any toxic levels or elevation of Ca(8).
Third, the IOM did not address the needs in pregnancy.
The Canadian Pediatric Society recommends all pregnant
women take 50 mg/d, which is only reasonable since this
group has very low vitamin D levels and consequences
are grave if vitamin D levels are not adequate(9). Low
vitamin D levels have been associated with pre-eclampsia(10) and bacterial vaginosis in pregnancy(11). The use
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of 50 mg/d in the first year of life has been shown to
reduce the development of type 1 diabetes by 80% over
the next 30 years(12). The dose recommended for pregnant women in the IOM report is only 15 mg/d, which
would be inadequate.
Finally, the increase of the upper tolerable level of
vitamin D from 50 to 100 mg/d is very welcome and
will result in the ability to perform studies that use
appropriate doses of vitamin D for the bone and for
some, but not all, non-bone effects. However much of the
rhetoric surrounding the release of the report concerned
risk of taking vitamin D supplements, a risk that is not
based on good evidence. The IOM committee had some
concerns about the U-shaped curve in a number of
studies where levels above 100–125 nmol/l showed a
possible increase in cardiovascular deaths(13,14). Many
researchers question this effect, believing that high levels
of Ca as well as high levels of vitamin D get us into
trouble. With adequate levels of vitamin D, the need for
more than 800 mg Ca daily for bone health is really
questionable(15).
What should physicians do? The Canadian Cancer
Society has already suggested the use of 25 mg vitamin D
daily for all Canadian adults for the prevention of
cancer(16). This should be expanded to include all
Canadian children over the age of 1 year. Those 12 months
and younger should take only the 10 mg/d dose recommended. Will vitamin D at this level have an impact on
cancer prevention? The effect of vitamin D on reducing
risk of bowel cancer is well established in the literature
and it is surprising that this was totally ignored by the
IOM. Even the WHO’s ultra conservative body, the International Agency for Research on Cancer, has recently
accepted that insufficiency of vitamin D increases colon
cancer(17).
But physicians should not fall victim to ‘more is better’
or use inappropriately high doses of vitamin D. The
use of 12 500 mg yearly for osteoporosis resulted in an
increase in falls/fractures(18). This dose makes no physiological sense; such a high level of vitamin D would
result in some displacement from the vitamin D-binding
receptor of the active hormone, causing a rise in the free
active hormone to a degree that the body would actively
degrade the hormone, resulting in a transient lowering
of 1,25-dihydroxyvitamin D3 and thus give the opposite
result. This kind of dosing should never be recommended
again. However, the use of 250 mg/d, which is physiological, has been shown to improve outcomes when used
as an adjunct for tuberculosis therapy(5). One should
remember that sanatoriums were considered part of
therapy for tuberculosis only 50 years ago.
The recommendations that seem to make the most
sense and which come from both ends of the life cycle are
between 20 and 50 mg of vitamin D daily. It seems
Canadians need to lead the way. How much longer do we
need to see needless morbidity and mortality? In looking
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at the North American continent as a whole the Canadian
average blood levels may provide a better model for
northern US states than US averages, which must be
weighted by the large southern population. The savings
in health-care dollars each year in Canada(19) and the
USA(20) have been estimated in the billions and would
save many lives.
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Vitamin D
The vitamin D requirement during human lactation:
the facts and IOM’s ‘utter’ failure
Madam
The new Institute of Medicine (IOM) recommendation for
vitamin D intake is stated to be 10 and 10–15 mg/d for the
newborn infant and lactating mother, respectively(1), and
represents only a marginal change from its previous
recommendations(2). We have no issue with respect to the
infant recommendations; however, the lactating woman’s
recommendation is another matter. Our lab has been
investigating this area for more than three decades and
was the first to actually quantify the vitamin D compounds in human milk(3). Surprisingly, most of our data
have been ignored in favour of the original recommendation – or, more appropriately, ‘the estimation’ – by
Blumberg, Forbes and Fraser in 1963(4).
As a graduate student in human nutrition in the 1970s
(B.W.H.), the senior investigator in our lab Dr Hollis was
struck by the teaching that human milk was the ‘perfect’
food for the human neonate with one exception: it was
inadequate with respect to vitamin D content, and rickets
could result in the nursing infant if not provided with
exogenous vitamin D supplementation. How could this
be? What did these infants do prior to the discovery of
vitamin D and how could nature have allowed this to
happen? Actually, the answer is quite simple: we in
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medicine believed our own dogma instead of actually
following the science, and thus we tried to ‘fit’ our 10 mg/d
recommendation to the physiology instead of applying
the physiology to discover the true recommendation.
First, it was said that milk had plenty of vitamin D due
to the presence of vitamin D-sulfate. In fact, research
‘conveniently’ demonstrated that vitamin D-sulfate provided activity of about 10 mg/d in human milk(5). The
problem was that this research was faulty: vitamin
D-sulfate did not exist in milk at all(6), so we were back to
the drawing board. Accurate assessment had shown the
vitamin D content of human milk in ‘normal’ lactating
women to be less than 2.5 mg/l(3,7). We had shown that
lactating women exposed to UV light or given high oral
doses of vitamin D to control hypoparathyroidism could
produce milk that contained extremely high levels of
antirachitic activity of up to 200 mg/l(8,9). This increase in
activity was almost totally due to the parent compound,
vitamin D, gaining access to the milk and not the major
circulating form, 25-hydroxyvitamin D (25(OH)D)(8,9).
But, how could this knowledge be applied to ‘normal’
women since it was ‘well known’ that intakes of vitamin
D in excess of 50 mg/d would result in toxicity?(2) Because
of this belief, this area of research lay dormant for nearly
two decades; our laboratory being as guilty as anyone
else’s for believing it. Fortunately, our view on this matter
changed when Vieth et al.(10) published a seminal paper
in 2001 that demonstrated oral intakes of vitamin D2 up to
100 mg/d were safe.
Let us piece together the physiology for vitamin D
metabolism in the human female. The parent compound,
vitamin D3, is mostly derived from human skin following
exposure to UV light, which can result in the release of
several thousand IU/d into the circulation(11). This vitamin D3 is ‘loosely’ bound to the vitamin D-binding protein (DBP) with a circulating half-life of approximately
1 d(12). A portion of this parent compound is metabolized
to 25(OH)D, which is ‘tightly’ bound to the DBP with a
circulating half-life of approximately 3 weeks(12). Here is
where one has to pay attention to the physiology. While
25(OH)D is the major circulating form of vitamin D, it is
poorly transferred into human milk while the parent
vitamin D is readily transferred(8,9,13). The problem is that
because the half-life of vitamin D is so fast, it has to be
replenished daily to be effective and this replenishment has to be substantially greater than the ‘artificial’
requirement of 10 mg/d, which does nothing to raise the
circulating parent vitamin D3 levels in the mother. In fact,
one can use all this data and simply calculate that for each
25 mg intake of vitamin D by the mother daily she will
deposit approximately 2.5 mg of antirachitic activity into a
litre of her milk. Thus, one can supplement the lactating
women with vitamin D at 150 mg/d or let her obtain significant sun exposure and she will not only replete herself
but also supply her nursing infant with vitamin D in her
milk at 12.5 mg/l or so. The sun exposure part does not

