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Abbreviations

CYP27B1 Cytochrome P450, family 27,
subfamily B, polypeptide 1

DIPP Diabetes Prediction and Prevention

25-(OH)D 25-Hydroxyvitamin D

1,25-(OH)2D 1,25-Dihydroxyvitamin D

PTH Parathyroid hormone

VDR Vitamin D receptor

Is vitamin D important in diabetes? In the current issue
of Diabetologia, Marjamidki et al. report data from the
Diabetes Prediction and Prevention Study (DIPP), in
which the dietary habits of Finnish women were meticu-
lously examined and linked to the onset of autoimmunity
in their (genetically at risk) offspring [1]. The straightfor-
ward answer from this impressive study is that there was
no correlation between the amount of vitamin D consumed
by the mother and the appearance of islet autoantibodies in
the blood of their offspring in the first year of life. These
data clarify one important issue, but do not resolve the
existing confusion about vitamin D and diabetes. Some
experts still claim an important role for this molecule, and
lay websites advocate vitamin D supplementation in high
doses to prevent type 1 and type 2 diabetes. The devil is in
the detail....

Vitamin D, strictly defined, is not a vitamin as it is not a
substance that needs to be present in foods in small quantities in
order to avoid pathology, as with vitamin C and scurvy. Few
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natural foods contain useful quantities of vitamin D.
Cod liver oil and oily fish are considered to be rich
sources, whereas butter, cream and egg yolk contain
only small amounts. Milk, whether from humans or
cows, is a poor source of vitamin D [2]. Most vitamin
D, in fact, comes from our own skin, in which we
convert 7-dihydrocholesterol (by photolytic cleavage)
into pre-vitamin D3, which is subsequently converted by
spontaneous thermal isomerisation into vitamin D5 [2]
(see Fig. 1). As only certain wavelengths of UV light
(270-300 nm) can achieve this effect, the sun needs to
rise above a certain angle in the sky (equivalent to a UV
index of 3) before this condition is achieved. This only
occurs for a few months in the year in areas with a northerly
location such as Finland, and sitting for hours in the sun (if you
are lucky enough to see it...) during the month of February in
Belgium or the UK would make no vitamin D at all.
Unfortunately, the wavelengths necessary for making vitamin
D in our skin are exactly the same as those involved in skin
ageing and skin cancer. So, what is our safest source of vitamin
D? Reasonable sun exposure is one source, but supplements
will also be necessary.

What, in all events, is the case for supplementing vitamin D?
Here we build mainly on epidemiological data and studies
performed in vitro or in animal models. Several reports exist on
worsening of glycaemic control in type 2 diabetic patients with
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Fig. 1 Metabolism of vitamin D. Synthesis of vitamin D3 occurs in
the skin where 7-dehydrocholesterol (7-DHC) is converted to pre-
vitamin D in response to ultraviolet light (UV) exposure. Vitamin D,
obtained from pre-vitamin D in the skin or by intestinal absorption of
dietary components, binds to vitamin D-binding protein in the
circulation and is transported to the liver. Here, vitamin D is
hydroxylated by liver 25-hydroxylase (CYP2R1). The resulting 25
(OH)D3 is then hydroxylated in the kidney by 1-o-hydroxylase
(CYP27B1), generating the active hormone 1,25-(OH)2D

overt vitamin D deficiency (in the range of rickets in children
and osteomalacia in adults, <12.5-37.5 mmol/l [<5-15 ng/ml])
and on a link between developing rickets in the first year of life
and subsequent risk of type 1 diabetes [3]. These epidemio-
logical human data are strengthened by in vitro data indicating
that rachitic animals have beta cells that function badly, and
go on to develop glucose intolerance. In the NOD mouse, a
model for human type 1 diabetes, severe vitamin D deficiency
doubles the rate of diabetes development in later life. Thus,
one statement concerning vitamin D and diabetes can be
made with a reasonable degree of certainty: avoid severe
vitamin D deficiency.

What is the role of vitamin D supplementation above the
threshold of vitamin D deficiency? Here the D-details become
even more important. These data come from epidemiology and
from anecdotally reported interventions in small numbers of
individuals that have used very different amounts of vitamin D
or its metabolites. Epidemiological studies, such as that by
Marjamaéki et al., build their claims on dietary questionnaires,
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rather than actual plasma levels of vitamin D before reaching
conclusions about possible links between ‘vitamin D and
diabetes’. Try remembering what you ate when you were
pregnant—not very efficient. Another point to consider is
publication bias, such that studies demonstrating the existence
of a correlation are more likely to be published. One striking
conclusion from the present study is the fact that recommen-
dations on dietary intakes and supplements are very hard to
implement, even in a special population such as pregnant
women. In fact, only 15% stated that they took more than 10 ug
(400 international units [IU]) of vitamin D per day, and only
30% of women actually took supplements [1].

Could blood sampling for vitamin D levels help in
epidemiological studies? It would surely give more trustworthy
information, but what then should be measured? In order for
vitamin D to become ‘active’ it needs to undergo two
subsequent hydroxylations: one in the liver at the 25 position
and one in the kidney at the 1 position resulting in, respectively,
25-hydroxyvitamin D (25-[OH]D) and 1,25-dihydroxyvitamin
D (1,25-[OH]2D) [4] (see Fig. 1). Measuring 1,25-(OH)2D
has the advantage of measuring ‘the real thing’, the active
product, that will interact with the vitamin D receptor (VDR),
a nuclear receptor responsible for the effects of vitamin D in
target organs, such as beta cells and immune cells. However,
this product is present in pg/pmol and is therefore very hard to
measure and ideally needs sophisticated techniques such as
liquid chromatography-tandem mass spectrometry (LC-
MSMS). Moreover, the titres of this product are highly
variable and depend on the activity of cytochrome P450,
family 27, subfamily B, polypeptide 1 (CYP27BI1), the
enzyme in the kidneys responsible for the 1-hydroxylation.
This enzyme is under the control of parathyroid hormone
(PTH) and will vary according to the global vitamin D status,
and also bone needs. Furthermore, there is active discussion
as to whether ‘non-bone’ tissues, such as the beta cells or
immune system, really depend on circulating 1,25-(OH)2D at
all, because they can make it themselves. Many tissues do
indeed possess CYP27B1 and will be able to activate vitamin
D in a non-PTH-dependent manner. For instance, in mono-
cytes and macrophages, CYP27 becomes activated in the
presence of inflammatory agents such as cytokines, and on
Toll-like receptor activation, making these non-bone tissues
independent of circulating 1,25-(OH)2D [5]. Is 25-(OH)D
therefore a better measure of vitamin D status? It does indeed
have several advantages: it is present in the millimoles per
litre range, which makes it easier to measure; and it is a direct
reflection of vitamin D reserves in the body, as the enzymes
responsible for 25-hydroxylation in liver (CYP27A1 and at
least three others) will convert all vitamin D that comes into
the body into 25-(OH)D in a non-rate-limiting way. These
levels are quite stable over several days or weeks and
fluctuate typically with vitamin D intake and UVB exposure
(seasonal variation).
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And now we come to the genetic D-details: poly-
morphisms exist for almost all enzymes involved in
vitamin D metabolism (also in CYP24, the 24-
hydroxylase responsible for inactivating 1,25-[OH]2D),
as well as for the carrier protein [vitamin D binding
protein, DBP] and the VDR). Thus, a similar level of
25-(OH)D may reflect a very different tissue exposure
to 1,25-(OH)2D locally [6]. This enables us to make
another statement about vitamin D and diabetes: global
vitamin D load can be measured as 25-(OH)D in plasma,
but genetic phenotyping will be crucial in determining the
actual ‘vitamin D’ exposure in the target tissues. This
means that different individuals may have different
requirements for vitamin D to maintain ‘non-bone’ health.

What about intervention trials using high doses of
vitamin D or metabolites in diabetes? Here we are limited
to small interventions and animal studies. In type 2 diabetes
very high doses of 25-(OH)D have been administered, but
the data are confusing, whereas in type 1 diabetes 1,25-
(OH)2D has mainly been given, with little or no effect on
C-peptide preservation in newly diagnosed type 1 patients
[7, 8]. What about NOD mice? The D-details once again
matter. In NOD mice, only very high doses of 1,25-(OH)2D
administered over many weeks early in life are able to
prevent diabetes. Supplementing with small doses (up to
1000 TU) of regular vitamin D does not prevent diabetes in
NOD mice. Once autoimmunity was present, neither
regular vitamin D nor high doses of 1,25-(OH)2D were
able to reverse the disease. In this situation, only analogues
of 1,25-(OH)2D (best when combined with regular immu-
nosuppressants over the short term) could affect disease
progression [3]. These analogues are chemically altered
1,25-(OH)2D molecules with preserved action on tissues
such as beta cells and immune cells, and less effect on bone
and calcium metabolism [9]. Until now, only one analogue
has been marketed for treatment of an autoimmune disease:
calcipotriol (Daivonex) for topical application in psoriasis.
One further statement can be made with certainty about
vitamin D and diabetes: in animal models (mostly the NOD
mouse) high doses of 1,25-(OH)2D reduce the incidence of
diabetes in primary prevention studies.

So, what do we need before we can finally make a
definitive statement about vitamin D and diabetes in
humans? We need studies, more specifically intervention
studies, randomised and placebo controlled. Why don’t we
have them yet? Besides the fact that regular vitamin D is
cheap and trials will therefore need to be investigator-
initiated, the major problem is that the effect sizes may be
rather small, requiring big populations—a huge and
expensive undertaking. Studies may be more feasible in
type 2 diabetes, or in glucose-impaired individuals, provid-
ed that sophisticated tools for measuring beta cell function
in vivo are used (e.g. clamps). In type 1 diabetes, the issue

is more difficult, because here the NOD mouse shows us
that primary prevention is the best way to go, which implies
intervening before disease—and, preferably, before autoim-
munity—is present. Two paths can be followed. One would
be a massive primary prevention trial on a population level:
for example, all neonates east of the Mississippi get an
extra amount of vitamin D per day during their first year of
life, those west of the Mississippi do not, and we observe
the development of autoimmunity and type 1 diabetes over
5-10 years. How much vitamin D? How many units? Here
safety has to prevail as vitamin D, being fat soluble, can
cause hypercalcaemia, hypercalciuria and kidney stones
(despite what some vitamin D gurus would wish us to
believe). Giving an extra 1,000 IU above the recommended
daily amount could be defended, but time is pressing as
more and more individuals are supplementing themselves
and their children on the basis of messages in the lay press.
The second, more scientific, path would be to screen for
genetically at-risk neonates, allow a higher supplement (e.g.
2,000 IU or more) and observe autoimmunity or type 1
diabetes onset over the following years. In such a study,
data on genetic markers for vitamin D metabolism should
be collected, thus allowing for differences in effect due to
the presence of certain polymorphisms, and identifying
individual phenotypes in which larger or smaller amounts
of vitamin D might be needed. What about intervention
when autoimmunity or even type 1 diabetes is already
present? There I still believe we need a potent analogue,
without calcaemic effects, before we can embark on any
intervention.

In conclusion, the paper in this issue of Diabetologia
does not alter the story on vitamin D and diabetes, but
highlights the difficulties in ‘getting it right’. Making
conclusions on the vitamin D status in utero of a fetus on
the basis of what the mother recalls eating in pregnancy is
difficult and this ‘negative’ study is one more in the list of
epidemiological studies on the topic. What we really need
are carefully designed prospective placebo-controlled and
randomised trials to provide definitive answers as to the
sense or non-sense of vitamin D supplementation in
individuals affected by, or at risk of, either form of
diabetes.

Duality of interest The author declares that there is no duality of
interest associated with this manuscript.

References

1. Marjaméki L, Niinisto S, Kenward MG et al. (2010) Maternal
intake of vitamin D during pregnancy and risk of advanced beta

@ Springer



Diabetologia

cell autoimmunity and type 1 diabetes in offspring. Diabetologia.
doi:10.1007/s00125-010-1734-8

. Holick MF (1997) Photobiology of vitamin D. In: Feldman D,
Glorieux FH, Pike J (eds) vitamin D. Academic, San Diego, pp
33-39

. Mathieu C, Gysemans C, Giulietti A, Bouillon R (2005) Vitamin D
and diabetes. Diabetologia 48:1247-1257

. Heaney RP, Horst RL, Cullen DM, Armas LA (2009) Vitamin
D3 distribution and status in the body. J] Am Coll Nutr 28:252—
256

. van Etten E, Stoffels K, Gysemans C, Mathieu C, Overbergh L
(2008) Regulation of vitamin D homeostasis: implications for the
immune system. Nutr Rev 66:S125-S134

@ Springer

6.

Smolders J, Peelen E, Thewissen M et al (2009) The relevance of
vitamin D receptor gene polymorphisms for vitamin D research in
multiple sclerosis. Autoimmun Rev 8:621-626

. Palomer X, Gonzalez-Clemente JM, Blanco-Vaca F, Mauricio D

(2008) Role of vitamin D in the pathogenesis of type 2 diabetes
mellitus. Diab Obes Metab 10:185-197

. Pitocco D, Crino A, Di Stasio E, IMDIAB Group et al (2006) The

effects of calcitriol and nicotinamide on residual pancreatic beta-
cell function in patients with recent-onset type 1 diabetes (IMDIAB
XI). Diabet Med 23:920-923

. Bouillon R, Verlinden L, Eelen G et al (2005) Mechanisms for the

selective action of vitamin D analogs. J Steroid Biochem Mol Biol
97:21-30


http://dx.doi.org/10.1007/s00125-010-1734-8

	Vitamin D and diabetes: the devil is in the D-tails
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


