19.


June 2004


THE ROLE OF VITAMIN D DEFICIENCY



IN HIP FRACTURES
INTRODUCTION

Fracture of the proximal femur is one of the major causes of mortality and morbidity in old people, particularly women, in the developed countries, including Australia.  The incidence rises steeply from the age of about 70 and reaches something like 5% per annum in the ninth decade.  The rates more than doubled between 1970 and 1990 in Britain [Boyce & Vessey 1985], Finland [Luthje 1991] and Canada [Martin et al 1991].  Even if the age-specific rates have now stabilised, which is uncertain, increasing life expectancy will continue to add to the total load of hip fractures on the health services.  In Australia, unless some action is taken, this alone will increase the total number of hip fractures from 15,000 to 21,000 by the year 2006, to double that by 2026, and double again by 2051 [Sanders et al 1999].  The world-wide projection is an increase from 

1.26 million in 1990 to 2.6 million by 2025 [Gullberg et al 1997].  This paper has been written to draw attention to the very strong evidence linking vitamin D deficiency to hip fractures in the elderly in South Australia and elsewhere in the hope that it may encourage the public health authorities at the highest level to take appropriate preventive action, as they are also being urged to do in the United Kingdom [Bates et al 2003].

BACKGROUND

The classical manifestation of vitamin D deficiency is rickets in childhood and osteomalacia in adult life.  The central feature of these disorders is a delay in the mineralisation of growth cartilage and/or bone associated with, but not necessarily due to, varying degrees of hypocalcaemia, secondary hyperparathyroidism, hypophosphataemia and elevated bone turnover, accompanied by muscular weakness usually described as a proximal myopathy.  Rickets was first described with certainty in the 17th century [Glisson 1650] 

but did not become a major problem in western countries until the industrial revolution created the smog-ridden slums of England (and subsequently continental Europe and the USA) which limited the solar irradiation of growing children.  The histological definition of rickets/osteomalacia was established by Pommer [1885] and was subsequently distinguished from the osteoporosis of calcium deficiency in experimental animals by a series of European workers at the turn of the century [for review see Nordin 1960].  Although the curative effects of sunlight and fish oil were known before the First World War, it was not until 1919 that Mellanby finally identified vitamin D as the critical nutrient.  Rickets continued to occur among the poorest social classes in Europe until it was largely brought under control in the 1930's on the European continent and Scandinavia by increasing use of vitamin D, including what the Germans called "stossterapie" – an annual injection of up to 1-million units of vitamin D given to babies and young children.  In Britain, corrective measures were slower to take effect but the universal distribution of cod liver oil and the fortification of national dried milk with vitamin D virtually eliminated rickets during the Second World War.  The dried milk fortification continued for some years after the war when it gave rise to an epidemic of so-called "idiopathic hypercalcaemia" which was finally shown to be due to the uneven distribution of the vitamin D in the milk powder.  This has left a residue of fear of vitamin D in the medical profession which has probably delayed the action needed to combat vitamin D deficiency in ageing populations.  

Rickets reappeared in Britain in the 1960's when it was detected in the children of Asian immigrants in Glasgow  [Dunnigan & Smith 1965].  The movement of dark skinned Asians from central to northern latitudes represented a reversal of the evolutionary process first described by Loomis [1967] and had consequences which were perhaps predictable.  Loomis postulated that the migration of dark skinned peoples northwards out of Africa into regions with less sunlight and a lower angle of incidence of solar radiation, created a state of vitamin D deficiency which led to an evolutionary reduction in skin pigmentation culminating in the fair skinned Scandinavians.  What Loomis did not predict, but which is a converse of this process, was that when pale-skinned Europeans emigrated to lower latitudes in Australia, they would pay a price in terms of skin cancer, which has received so much publicity that many Australians are afraid to exposing themselves to the sun.  This over-reaction may contribute to the high prevalence of vitamin D deficiency among elderly Australians which will be described below.

PHYSIOLOGY AND BIOCHEMISTRY

Vitamin D3 (cholecalciferol) is a secosteroid formed in the basal layers of the skin from 7-dehydrocholesterol under the influence of a rather narrow band of ultraviolet light (290-310 nm).  It travels from the skin to the liver where it is hydroxylated at the 25 position to become 25-hydroxyvitamin D3 (25D) and then to the kidneys where it is converted into 1,25-dihydroxyvitamin D3 (1,25D) or, when the vitamin D stores are replete, to the waste product 24,25-dihydroxyvitamin D3 (24,25D).  25D is the storage form of the vitamin which directly reflects the vitamin D status of the subject.  In normal ambulant individuals, the dominant source of vitamin D is sunlight, but with decreasing exposure to the sun, dietary sources, notably fish oils, become increasingly important though the average diet supplies only 100-200 units (2.5-5.0 µg).  With increasing latitude, there is an increasingly pronounced seasonal variation in the serum 25D in ambulant subjects, even in Australia, with the serum 25D following one to two months behind the hours of sunlight [Need et al 1993].  Housebound 

individuals have a uniformly low serum 25D throughout the year [Morris et al 1984].

Although 25HD circulates in nanomolar concentrations and 1,25D in picomolar concentrations, the difference in binding to the Vitamin D-binding protein (DBP) is such that the free 25D is only ten times that of the free 1,25D [Bouillon & 

Van Baelen 1981] and the receptor affinity of 1,25D is so much greater than that of its precursor that the actions of vitamin D, particularly on calcium absorption, are normally dominated by the 1,25 metabolite [Need et al 2000].  The serum level of 1,25D is under biological control through the positive effect of low serum ionised calcium, low phosphate and high PTH on the 1-alpha hydroxylase (now known as cyp24) which synthesises 1,25D in the kidneys.  Since 25D is the substrate for 1,25D, its fall takes with it the serum 1,25D [Bouillon et al 1987] 

and also tends to lower the serum ionised calcium because of the loss of the calcaemic effect of vitamin D on bone.  However, at a certain critical point in this process, PTH is activated (see below), there is a secondary rise in 1,25D and the relation between the two vitamin D metabolites becomes negative instead of positive [Need et al 2000].  The level of 25D at which the PTH starts to rise is 

subject to great variation between authors, from 20 to 110 nmol/L [Prentice 2002]

but the consensus would probably be about 50 nmol/L [McKenna & Freaney 1998;

Need et al 2000].

As far as the bone pathology of hypovitaminosis D is concerned, Parffit [1990] has described three stages – the first causing osteoporosis from malabsorption of calcium, the second causing osteoporosis and early signs of osteomalacia, and the third characterised by full-blown osteomalacia (or rickets).  It is likely that the serum PTH is normal in the first of these stages since, contrary to widespread belief, malabsorption of calcium per se does not raise the PTH level, but in the second stage PTH is probably rising, and in the third stage PTH is definitely high.

Vitamin D is also plays an important role in muscle function;  deficiency causes a proximal myopathy which responds to vitamin D therapy.  The effect of vitamin D 

on muscle function is mediated by the 1,25D metabolite acting by gene expression

to promote the uptake of calcium by muscle cells in a manner that is blocked by inhibitors of protein and RNA synthesis [Boland 1986].

VITAMIN D and AGEING

The first reports of an age-related decline in serum 25D appear to have come from England [Chalmers et al 1969; Hodkinson et al 1973] and they were soon followed by the finding of low serum 25D levels in the elderly in many parts of the world.  One of the first was a study of 181 elderly Irish community-dwelling and institutionalised subjects during winter and spring, in whom the mean serum 25D was only 10 nmol/L, the lowest vitamin D levels being associated with the highest levels of alkaline phosphatase in the serum [McKenna et al 1981, 1985].  An age-related decline in vitamin D status was found in the Netherlands [Dubbelman et al 1993], and in Belgium, where the summer peak levels of serum 25D in 240 elderly subjects (29 nmol/L) was significantly lower than the mean value of 61 nmol/L in normal controls [Bouillon et al 1987].  In an American study [Omdahl et al 1982], the plasma 25D in healthy free-living elderly people was about half that of young controls and was inversely related to the serum alkaline phosphatase. Similar results have been reported from France [Chapuy et al 1983,1997], Spain [Aguado et al 2000], Iceland [Sigurdsson et al 2000], 

Finland [Lamberg-Allardt et al 2001], and Italy [Isaia et al 2003].  In Australia, low 25D levels have been particularly noted in nursing-home residents and others in residential care in Adelaide [Morris et al 1984];  Sydney [Sambrook et al 2002]; Melbourne [Flicker et al 2003;  Stein et al 1996];  and Tasmania [Inderjeeth et al 2000].  Low vitamin D status and high bone turnover have also been noted in centenarians in Italy [Passeri et al 2003].  A striking exception is the study of

Sherman et al [1990] which found no fall in 25D with age in a healthy American population of 167 men and 114 women aged 20-94 years but did find a marked seasonal variation.  The effect of age is clearly linked to the habits of the subjects studied.

Most studies have found, even in healthy elderly populations, an inverse correlation between the ambient 25D concentration and latitude Scharla [1998] which has also been noted in the reference ranges [Nordin 1997;  McKenna et al 1985].  The age-related decline in vitamin D status and in ambient elderly populations is generally attributed to reduced exposure to sunlight as the elderly become more housebound but there is also a decline with age in the capacity of the skin to synthesise vitamin D [MacLaughlin & Holick 1985].  This is associated with an age-related decline in skinfold thickness which becomes a significant determinant of vitamin D status [Need et al 1993].  Skin pigmentation is also a significant (negative) determinant of vitamin D status, as is the habit of veiling adopted by many Muslim women [Grover et al 2001;  Mishal 2001;  Diamond et all 2002;  Skull et al 2003].  Most of the ageing studies have dealt with women but where measurements have been made on men, they have generally shown a similar decline in serum 25D with age (Orwell & Meier 1986].  A survey of European data [van der Wielen et al 1995] showed that 36% of elderly men and 47% of elderly women had winter 25D levels below 30 nmol/L.

BONE TURNOVER

In virtually all of the above studies in which serum PTH and/or markers of bone turnover were measured, they were found to be raised in the presence of 

vitamin D deficiency.  This is important because bone turnover is now a recognised risk factor for fracture which is at least as important as bone density and may in fact be more so [Heaney 2003].  As early as 1982, Omdahl et al reported an inverse correlation between serum 25D and alkaline phosphatase.

In a study from Nottingham [Sahota et al 1999] of 119 consecutive, active, community-dwelling elderly women, there were significant inverse correlations between serum 25D on the one hand, and serum PTH, alkaline phosphatase, osteocalcin, urinary hydroxyproline and crosslinks on the other.  In a German study of 580 men and women [Woitge et al 1998], there was a seasonal variation in serum 25D in the women but not the men, no significant change in PTH in either sex but significant seasonal variations in the markers of bone turnover in both sexes which the authors attributed to subclinical vitamin D deficiency.  In an Australian study of 251 nursing-home residents [Stein et al 1996], serum PTH was inversely related to serum 25D but, interestingly enough, even more significantly to the use of frusemide (which takes out calcium in the urine).  In an American study of 376 free-living women aged 65-77 [Kinyamo et al 1998], serum PTH was inversely related to serum 25D.  In an English study of 773 men and women over the age of 65 [Bates et al 2003], there was a strong inverse relationship between serum PTH and 25D, and a north-south gradient in 25D and, to a lesser extent, in PTH.  In a French study of 1,569 subjects from 

20 French cities, serum 25D decreased and PTH increased significantly with age and latitude and biochemical markers of bone turnover were correlated with PTH  [Chapuy et al 1997].  The low vitamin D levels of the elderly were also associated with raised PTH levels in the study by Dubbelman et al [1993], and the same was true of the studies by Isaia et al [2003], Carnevale et al [2001] and Bettica et al [1999].

FALLS

The role of vitamin D in muscle function has been noted above and there is now evidence that hypovitaminosis D leads to an atrophy of type II muscle fibres [Dhesi et al 2002] contributing to the rise in falls with age [Janssen et al 2002].   Dhesi et al [2002] measured muscle function in patients from a falls clinic who were classified according to their serum 25D levels and then compared with each other and with elderly healthy volunteers whose serum 25D was over 50 nmol/L.  They found that patients with serum 25D levels below 30 nmol/L performed significantly worse on all tests of muscle function and sway than patients with higher 25D levels and normal controls.  There are at least two studies where a significant relationship has been established between vitamin D status and the frequency of falls [Mowé et al 1999;  Gloth et al 1995], and another in which 3-months' treatment with 1,200 mg calcium and 800 IU of vitamin D reduced the frequency of falls by 49% in 622 elderly women;  calcium alone had no effect [Bischoff et al 2003].

BONE DENSITY

A few studies have looked at the relation between vitamin D and bone status, generally with positive results.  An association between low serum 25D and low femoral neck bone mineral density (BMD) in 415 elderly subjects was reported by Scharla [1998].  Ooms et al [1995] also found that serum 25D levels below 

30 nmol/L were associated with secondary hyperparathyroidism and decreased BMD at the proximal femur.  Szulc et al [2003] also reported that serum 25D and PTH were significant determinants of bone status in elderly men.  Fradinger & Zanchetta [2001] found that femoral neck (but not spine) BMD correlated with serum 25D in free-living women.  Similarly, Sigurdsson et al [2000] found that whole body (but not spine) BMD was just significantly related to serum 25D in Iceland.  Sahota et al [1999] also found a significant correlation between total hip BMD and serum 25D in 119 consecutive active community-dwelling elderly women.  Collins et al [1998] found in 166 postmenopausal women that both spinal and femoral neck BMD were related to serum 25D, and femoral neck (negatively) to serum PTH as well.  In a study from India, Arya et al [2004] found a significant correlation between serum 25D and BMD at the proximal femur. 

HIP FRACTURE

The first reports of histological osteomalacia in hip fracture patients came from Chalmers [1969] but the first large series was that of Aaron et al [1974a] who found histological evidence of osteomalacia in the iliac crest biopsies of 35 of 102 women and 11 of 23 men with hip fractures.  In a later report, the same group [Aaron et al 1974b] found that the highest frequency of abnormal osteo-covered surfaces (47%) occurred in April to June, and the lowest frequency (13%) in October to December.  Preece et al [1975] and Baker et al [1979] 

then showed that serum 25OHD levels were significantly reduced in hip fracture cases.  Histological and biochemical markers of vitamin D deficiency were subsequently reported in hip fracture cases in a study from the Netherlands

[Lips et al 1982] but negative bone histology was reported by Compston et al [1991]

[in 49 hip fracture cases.  Low vitamin D levels with high serum PTH were 

subsequently reported in hip fracture cases from Finland [Von Knorring et al 1982],

Hong Kong [Pun et al 1990] and Italy [Isaia et al 2003], but not Denmark 

[Lund et al 1975].  Low serum 25D levels in hip fracture cases were reported from South Australia by Morris et al in 1984.  A Norwegian case-control study [Meyer et al 1995] found a significant relation between hip fracture risk and hours of sunlight exposure (P=0.0034), vitamin D intake (P=0.021) and grip strength 

(P<0.001).

In an 18-year prospective analysis of 72,337 postmenopausal women in whom there were 603 incident hip fractures, those consuming 50 or more IU (12.5 µg) vitamin D had a 37% lower risk of hip fracture than those consuming less than 14 IU (3.5 µg)/day but dietary calcium had no effect [Feskanich et al 2003].  In a retrospective study of 1,634 women with hip fracture and 3,532 age-matched controls, the use of vitamin D supplements was associated with a modest non-significant reduction in the risk of hip fracture [Ranstam & Kanis 1995].

PREVENTION

Since vitamin D deficiency not only impairs the quantity and quality of bone but also increases bone turnover and apparently increases the frequency of falls, it is not surprising that attempts have been made to prevent bone loss and/or hip fractures by administration of vitamin D, generally with calcium.  What is perhaps surprising is that there have not been more trials of this logical approach, perhaps because there is little profit in these medications and so they have not been subjected to the large trials of more profitable treatments that have been sponsored by industry.

In the light of the above, the correction of hypovitaminosis D might be expected to improve muscle function, reduce falls, delay or prevent bone loss, reduce bone turnover and prevent hip fractures.  There is evidence for all of these effects, though often when vitamin D was given with calcium.  Pfeiffer et al [2000] gave 1,200 mg calcium and 800 IU of vitamin D for six weeks to 148 elderly women with 25D levels below 50 nmol/L.  There was a significant increase in serum 25D, fall in PTH, decrease in body sway and reduction in falls in the following 12 months.  In a randomised 2-year trial [Dawson-Hughes et al 1995], 247 healthy ambulatory postmenopausal women were given either 100 or 700 IU of vitamin D daily with 500 mg of calcium.  The higher-dose group lost significantly less bone from the femoral neck than the low-dose group in two years (P=0.003) but there was little change in spinal or whole body bone density in either group.  In a French study [Grados et al 2003], 95 women over 65 years with serum 25D levels of 30 nmol/L or less were given 400 IU of vitamin D with 500 mg of calcium daily for 12 months and compared with 97 controls.  There was a significant rise in serum 25D and fall in PTH and a 3% net rise in femoral neck BMD in the treated cases compared with the controls (all P<0.001).  There were also significant falls in blood and urinary bone resorption markers.  In another study [Nordin et al 1985], there was a significant rise in serum 25D and metacarpal cortical area in 51 elderly women treated with vitamin D2 15,000 IU weekly compared with 59 placebo-treated controls.  In a prospective controlled trial by Ooms et al [1995], 400 IU of vitamin D over two years given to 177 women over 70 raised serum 25D (and 1,25D) and lowered serum PTH and significantly increased BMD at the femoral neck compared with 171 controls.     In the English cross-over study of Patel et al [2001], 800 units of vitamin D3  given to 35 women over 70 for one year raised serum 25D and lowered PTH but had no effect on bone density when compared with 35 controls.  In a study using ultrasound of the os calcis [Krieg et al 1999], 50 institutionalised women of mean age 85 treated for two years with 440 IU (11 µg) of vitamin D3 and 500 mg of calcium had significantly greater falls in PTH and alkaline phosphatase, and greater rises in serum 25D and broad band ultrasound attenuation (but not speed of sound) than 53 controls.

As far as prevention of hip fractures goes, the most important and impressive trial to date is already 14 years old [Chapuy et al 1992].  In this trial, 634 healthy ambulatory women in residential or nursing-home care who received 1200 mg of elemental calcium and 800 IU of vitamin D were compared with 1,636 women who received a double placebo.  In the 888 who took the placebo for 18 months, there were 37 hip fractures, and in the 877 on active treatment for 18 months, there were 21 hip fractures – a reduction of 43% (P=0.043).  After a further 

18 months of treatment, there were 109 actively-treated patients who had suffered hip fractures and 153 placebo-treated subjects (P<0.01) [Chapuy et al 1994].  There were comparable reductions in other non-vertebral fractures.  In a subset of the subjects in whom vitamin D and PTH were measured, the serum 25D rose from 40 to 105 nmol/L in the treated group, and fell from 13 to 11 nmol/L in the placebo-group.  The serum PTH fell from 54 to 30 pg/ml in the treated group and rose from 50 to 56 pg/ml in the placebo group.  In a commentary on this work, the senior author [Meunier 1998] expressed the opinion that the beneficial effect of vitamin D was due to the reversal of secondary hyperparathyroidism, which is compatible with evidence that the main determinant of the age-related rise in serum PTH is the age-related fall in 25D [Need et al 2004].  On the other hand, a Norwegian double-blind randomised controlled trial by Meyer et al [2002] was negative.  Some 569 nursing-home residents were given enough cod liver oil to provide 400 units of vitamin D3 daily without calcium for a period of 2 years, at the end of which there was no difference in fracture incidence between the two groups despite a significant rise in serum 25D in the treated subjects.  In a Dutch study of 2,578 free-living elderly subjects, vitamin D supplementation had no effect on hip fracture rate over a period of 4 years [Lips et al 1996].  However, in an 18 year prospective analysis of 72,337 postmenopausal women [Feskanich et al 2003] in which there were 603 incident hip fractures, women consuming more than 500 units of vitamin D 

from food and supplements had a 37% lower risk of hip fracture than did women consuming less than 140 units daily.  Again, in a study from Denmark [Larsen et al 2004], the hip fracture incidence in 4,947 free-living subjects given 1,000 mg of calcium and 400 IU of vitamin D was 16% less than in a comparable group who were simply offered suggestions for the improvement of their domestic environment.  Finally, in an English controlled trial, there was a significant reduction in the incidence of first fracture over 5 years in 1,345 community-living men and women aged 65 and over given 100,000 IU of vitamin D3 every 

4 months compared with 1,341 controls.  However, there was no difference in hip fractures and there were only 10 such in each group [Trivedi et al 2003].

These studies would suggest that vitamin D supplementation of not less than 

800 IU, probably combined with calcium, can be expected to reduce the hip fracture rate in the elderly in residential care and might be expected to do the same for free-living elderly subjects with hypovitaminosis D, particularly if it is associated with secondary hyperparathyroidism, but not in community-living subjects as a whole.

VITAMIN D REQUIREMENT

It seems clear from the above outline that vitamin D deficiency makes a significant contribution to the pathogenesis of hip fracture in the elderly, particularly perhaps in women, for at least three reasons – because it has an adverse effect on bone quantity and quality, because it increases bone turnover, and because  it increases the risk of falls.  Since it is cheap and relatively non-toxic, it is suitable for a public health preventive programme directed primarily to housebound or semi-housebound elderly subjects and also to all others with identified hypovitaminosis D but there are several problems that must be resolved before such a programme can be established.  They include the identification of the populations at risk, agreement on a safe but effective prophylactic dose of vitamin D, and arrangements for the delivery of the 

vitamin D to the individuals or groups of individuals who are to be targeted.

As far as identification of the target population is concerned, the evidence of hypovitaminosis D, however it is defined, in housebound elderly women (and possibly men) is so strong that one may question whether initial measurement of serum 25D is required to justify vitamin D therapy.  However, there are many other individuals at risk in the community, since only about 50% of hip fracture patients are actually admitted from nursing homes [Morris et al 1984].  Short of distributing vitamin D indiscriminately to everyone say over the age of 65, the individuals at risk in the community will need to be identified by measurement of their serum 25D level, and a consensus needs to be reached as to the critical level of serum 25D which calls for intervention.  Peacock et al [1985] suggested that values below 30 nmol/L should be regarded as vitamin D deficiency and values from 30-50 nmol/L as vitamin D insufficiency.  Later work has tended to reinforce this view though McKenna & Freaney [1998] consider that the threshold level for deficiency and insufficiency is likely to exceed 50 nmol/L.  Some would argue that vitamin D hypovitaminosis cannot be diagnosed until or unless the serum PTH is raised, but there is considerable disagreement about the level at which this appears to occur ranging from about 50-60 nmol/L by visual inspection [Need et al 2000] to 122 nmol/L by known regression analysis [Kinyamu et al 1998].  The "desirable" value suggested by McKenna & Freaney [1998] of 100 nmol/L is near the median value in young Australians and may be a target to aim for but that is not an intervention level which should more appropriately be based on the lower limit of the reference range which is about 50 nmol/L in Australia.  This is also the level above which vitamin D treatment does not lower serum PTH [Holick 2004] and it is also the level below which body sway is increased [Pfeifer et al 2002].  It would be unduly conservative to insist that serum PTH should also be raised above the normal reference range before vitamin D treatment is indicated. 

Given agreement on the target populations, there is a need to decide on the appropriate dose of vitamin D and whether it should be given as a D2 or D3.  There is some evidence that vitamin D2  has rather less effect on serum 25D than vitamin D3 [Trang et al 1998] and it is certainly a fact that current vitamin D assays do not cross-react equally with the D2 and D3 forms of 25D.  It is therefore easier to recognise and monitor a response to vitamin D3 than to D2 with current assays and this, taken together with other considerations, favours the use of vitamin D3, which is not at present available in Australia.

Dosage is another controversial issue.  There is little doubt that the vitamin D requirement of elderly subjects at moderate to high latitudes is greater than the 400 IU (10 µg) at present recommended by the US/Canada [Institute of Medicine 1997] and probably greater than the 600 IU (15 µg) recommended by WHO/FAO [2002].  The most elegant dose-finding study was carried out by Heaney et al [2003] who showed that 500 IU (12.5 µg) of vitamin D3 daily was required to prevent the seasonal fall in serum 25D during winter in young adults in Omaha, Nebraska (latitude 41.2°N ) and 1,000 IU (25 µg) was required to raise the 25D level by 12 nmol/L.  As Heaney [2000] has pointed out, the dose required to achieve a given serum level of 25D must be greater than the dose required to sustain a given level (which is what most official recommendations are concerned with) and it is the elevation of the existing level in a reasonable length of time that is required if the population being targeted is chosen on the basis of a low serum 25D.  If the aim were to raise the serum 25D from 50 to 75 nmol/L, an appropriate dose would be about 2,000 IU (50 µg) daily.  The Institute of Medicine [1997] declared this to be a safe upper limit for intake but as Heaney [2000] indicated, the data available to the Upper Limits panel of the Board was of marginal scientific quality and it is likely that substantially higher chronic exposure would be without harmful effect.  He has argued forcefully that this limit should be raised, and so has Vieth [1999].

Finally any programme of this kind will need to address the route of delivery of vitamin D to the target populations and, as a corollary of this, the availability of suitable vitamin D preparations in pharmacies by importation from overseas.  Steps will also need to be taken to ensure that there are adequate laboratory facilities in South Australia for meeting the additional demand for 25D assays which may be anticipated after the launching of a prophylactic programme.  It may also be necessary to make a distinction between over-the-counter preparations containing relatively low doses of vitamin D, and prescription-only preparations containing higher doses, and to consider the role, if any, of the pharmaceutical benefits scheme in subsidising the provision of vitamin D preparations, particularly for the pensioners who will form a large proportion of the target population.

CONCLUSIONS

This position paper has been written primarily for the benefit of the members of the South Australian Working Party on Vitamin D, Hip Fractures and Falls.  It is meant to serve as a basis for discussion at future meetings.

B.E. Christopher NORDIN

MD PhD FRCP FRACP DSc

Senior Consultant and Visiting Professor

Institute of Medical and Veterinary Science;

University of Adelaide, and Royal Adelaide Hospital

9 June 2004
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