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INTRODUCTION 
In the last 20 years, there have been huge advances in our understanding of the biology of 
bone, the metabolism of vitamin D, and the pathophysiology of osteoporosis.  A brief over-
view of this material provides a biological context for the interpretation of the epidemiological 
and clinical studies that will follow. 

Calcium and Bone Biology 
Bone is a connective tissue consisting of a protein matrix embedded in a mineral phase, 
which is made up of calcium and phosphate.  During growth and renewal of bone, the bone-
forming cells (osteoblasts) lay down the protein scaffold of bone, which is predominantly type 
1 collagen, but also includes other proteins such as osteocalcin.  Secondarily, calcium and 
phosphate precipitate between the fibres of this matrix, forming hydroxyapatite crystals.  The 
amount of bone formed is determined by the amount of protein laid down by the osteoblasts.  
In the presence of normal circulating levels of calcium and phosphate, almost all the bone 
formed will become mineralised. 
 
The reshaping of bone during growth and the subsequent renewal of bone, involve the 
removal of packets of bone by resorbing cells, known as osteoclasts.  These cells secrete 
acid to dissolve the mineral, and proteolytic enzymes to remove the matrix.  When this occurs 
postpubertally as part of the bone remodelling sequence, it results in small areas of resorption 
dotted across the entire skeletal surface.  Each of these packets of resorbed bone is then 
replaced with new bone by osteoblasts, resulting in complete skeletal renewal every 10 – 15 
years. 
 
Calcium deficiency can impact on bone development by providing inadequate levels of 
calcium for mineralization to take place normally.  This results in osteomalacia.  In adults, 
osteomalacia results in bone pain. In children, osteomalacia is manifest by reduced skeletal 
growth and deformity of the bones (such as “knock knees” and “bow legs”).  This symptom 
complex is referred to as rickets.  In Western countries these days, rickets most commonly 
occurs as a result of congenital abnormalities of phosphate or vitamin D metabolism.  It is also 
seen, occasionally, in children with very low calcium intakes or those that are deprived of 
vitamin D, often as a consequence of illness or lifestyle practices that result in marked 
sunlight deprivation.  Osteomalacia can occur at any age in individuals who become severely 
vitamin D-deficient, again usually as a result of sunlight deprivation. 
 
While the development of rickets/osteomalacia is regarded as the classic skeletal 
manifestation of calcium/vitamin D deficiency, in recent years it has become apparent that 
more subtle deficiencies can exact a toll on the skeleton.  The top priority in calcium 
homeostasis is the maintenance of the extracellular calcium concentration, since this is 
important to the normal functioning of excitable membranes such as those in the central 
nervous system, skeletal muscle and heart.  Any decline in dietary calcium intake or vitamin D 
levels results in a reduced amount of absorbed calcium. This is compensated for by increased 
secretion of parathyroid hormone, which in turn increases activation of vitamin D, reduces 
urinary calcium loss, and increases bone resorption.  This is probably the mechanism by 
which suboptimal calcium and vitamin D status accelerate bone loss.  Restoration of optimal 
calcium/vitamin D status will reverse these processes, with declines in parathyroid hormone 
and bone resorption, increases in bone density, and hopefully, decreases in fracture risk.   
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In the past there has been a belief that the provision of increasing amounts of calcium will 
either promote bone growth or result in the accretion of calcium around bones, thereby 
augmenting their strength.  There is no evidence whatsoever for calcium increasing 
osteoblast anabolic activity, and therefore no possibility that calcium can increase bone 
growth.  Its therapeutic benefit is entirely as an anti-resorptive through decreasing parathyroid 
hormone secretion, and as a substrate for normal bone mineralisation. 
 
There are few data addressing the comparable efficacies of food calcium (e.g., dairy 
products) and calcium given as a mineral supplement.  However, it is likely that the efficacies 
are comparable, based on similar therapeutic effects on bone density in trials that use mineral 
calcium(95) and those that use a dairy supplement containing a similar amount of calcium(62). 
 
Many opinions have been expressed over the years as to the ideal way to take calcium.  No 
studies of hard endpoints, such as fracture or bone density, have compared divided dosing 
versus single dosing regimens, or regimens that differ by time of day.  It has been suggested 
that divided dose regimens should lead to greater total calcium absorption, since the active 
transport of calcium takes place in the upper small bowel and is likely to be saturated by a 
large single dose.  This is likely to be modified by the presence of food, which will slow the 
release of calcium from the stomach, and therefore greatly prolong the upper small bowel 
transit time.  Another potential interaction of food with calcium, is that food acid may aid 
dissolution of relatively insoluble calcium salts (e.g. carbonate, phosphate).  Thus, in subjects 
with achlorhydria, insoluble calcium salts are probably better absorbed when taken with food 
rather than fasting. 
 
Despite these theoretical considerations, formal studies suggest that these considerations 
make little difference.  For instance, Scopacasa(104) compared a 1g calcium supplement given 
in the evening, with 500 mg calcium given twice a day.  Measuring bone resorption markers 
over 24 hours, they found that the two regimens were comparable in the reduction in 
resorption produced. Karkkainen(54) compared the effects of calcium supplementation given at 
9 am or 9 pm on serum calcium and parathyroid hormone concentrations, and found no 
difference.  In the same study, the effect of a single 1 g dose of calcium was compared with 
that of four divided doses.  Both produced comparable suppression of parathyroid hormone 
secretion, though no effects on turnover markers were apparent in this study. 
 

Vitamin D Metabolism 
Vitamin D suffers from having been misnamed at the time of its discovery.  It is in fact a pro-
hormone, virtually all vitamin D being synthesised endogenously in the skin as a result of the 
interaction of 7-dehydrocholesterol with ultraviolet light.  It is not an essential dietary 
constituent, and the unsupplemented diet contributes is minimally, in most parts of the world.  
The vitamin D synthesised in the skin is mostly converted to 25-hydroxyvitamin D in the liver, 
and this is the principal form in the circulation.  Vitamin D can also be stored in adipose tissue.  
25-hydroxyvitamin D has some biological activity, but this is increased a thousand-fold when it 
is further hydroxylated in the kidney to form 1,25-dihydroxyvitamin D, also known as calcitriol.  
This is the single most potent regulator of intestinal calcium absorption, though it can also 
stimulate bone resorption and may play roles in many other tissues and processes, such as 
hormone secretion and regulation of cell proliferation.  Because the principal source of vitamin 
D is sunlight exposure, those most at risk of vitamin D deficiency are those who seldom 
venture outside or keep their skin completely covered, those with heavily pigmented skin 
(which acts as an impediment to the interaction of ultraviolet light with 7-dehydrocholesterol), 
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and the elderly. The amount of vitamin D produced by older individuals in response to a fixed 
sunlight exposure, can be reduced by 50-70% in comparison with young adults(46,69). Living at 
higher latitudes or in areas where there is air pollution will also reduce cutaneous vitamin D 
synthesis. In these groups, oral intake of vitamin D may become a more important means of 
maintaining adequate levels of this vitamin.  
 
It is worth emphasising that calcium and vitamin D are completely different compounds, with 
different roles in skeletal homeostasis.  Often, trials are carried out of the two substances 
together.  This may make sense in terms of optimising the beneficial therapeutic outcome, but 
it creates confusion as to whether any beneficial effects are attributable to one or other 
substance, or to their combination.  While they both tend to increase the total amount of 
calcium absorbed from the gastrointestinal tract, their mechanisms of action are otherwise 
dissimilar.  It is quite possible for individuals to be deficient in one but not the other, such as 
young adults who spend a lot of time in the sun but have very low intakes of dairy products.  
Therefore, it might not always necessary to administer both to an individual with suboptimal 
bone health. 
 
There is continuing debate as to what the optimal level of serum 25-hydroxyvitamin D is. This 
could be defined in terms of the level that minimises circulating parathyroid hormone 
concentrations. Some cross-sectional studies suggest that this threshold may be as high as 
100 nmol/L(22). However, it has been shown that vitamin D supplementation only suppresses 
parathyroid hormone levels in subjects whose baseline serum 25-hydroxyvitamin D is <50 
nmol/L(65,70).  This suggests that 50 nmol/L is an appropriate threshold concentration for 
serum 25-hydroxyvitamin D, below which individuals are at risk. This level has been endorsed 
by the World Health Organisation Taskforce on Osteoporosis(36). 
 
Vitamin D (also known as calciferol) is measured both in mass units (usually µg) and in 
international units (40 IU = 1 µg). 

Exercise 
The skeleton, like the muscles, responds to the loads placed upon it.  Thus, there is a large 
body of evidence indicating that body weight is closely related to bone density, and there is 
both cross-sectional and prospective data indicating that exercise levels impact on skeletal 
strength.  Most of the evidence suggests that increases in exercise have a small anabolic 
effect, mediated by osteoblasts.  There is no evidence at the present time to suggest that the 
effects of exercise on density are mediated by the same mechanisms as those of calcium or 
vitamin D.  Thus, these modalities operate independently, and may be additive.  This 
suggests that they should be assessed independently of one another in determining what 
their value might be to skeletal health. 

Definitions of Osteoporosis 
The definition of osteoporosis has evolved over the last 30 years, and this process is 
continuing.  In general, “osteoporosis” refers to the skeletal frailty which is common amongst 
the elderly, particularly older women.  In the 1960s and 1970s, the classic osteoporotic 
fracture was considered to be that of the vertebral body, contributing to the loss of height and 
stooping of older women.  Subsequently, increased longevity led to a rapid increase in the 
total number of hip fractures, since these tend to occur 20–30 years later.  Because of their 
attendant morbidity and mortality, these have tended to supplant vertebral fractures as the 
osteoporotic fracture of most concern.  In 1994, the World Health Organisation chose to 
recast the definition of osteoporosis in terms of bone density alone.  This has had many 
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advantages in terms of ease of use, but tends to obscure the fact that bone thinning per se is 
not of much concern to anyone, whereas bone fractures are.  Therefore, there is currently a 
move away from simply considering bone density, and an attempt to achieve a more precise 
definition of fracture risk in terms of both bone density and other clinical risk factors such as 
age, fracture history, body weight, family history and other lifestyle variables.  
 
The definition of osteoporosis is obviously important in the present context in determining 
whether calcium/vitamin D has an impact on this condition.  If the current WHO definition is 
accepted, then all that needs to be demonstrated is that calcium/vitamin D has an effect on 
bone density, and there is quite substantial evidence to support this contention. Trials to 
demonstrate an effect on fracture risk are much more demanding, and the quality and quantity 
of evidence in this regard, is very much less substantial.  Studies which relate calcium intake 
during growth to fracture risk in senescence would need to cover almost the entire lifespan, 
and are virtually impossible to carry out prospectively.  Therefore, high-level proof to address 
the effect of nutrition early in life on fracture risk is unlikely to ever be available. 
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PART 1:  CRITICAL APPRAISAL OF THE CANADIAN REVIEW 
OF THE CALCIUM-OSTEOPOROSIS RELATIONSHIP 

General Comments 
This section contains my comments on individual statements in the L’Abbé review, and is set 
out in the page order of that review. 
 

• Page 4, paragraph 2.  It is an exaggeration to say that many studies in the elderly 
have shown that calcium supplements prevent fracture.  Very few have addressed 
this endpoint and none have unequivocally demonstrated a beneficial effect.  The 
two most convincing studies used a combination of calcium and vitamin D, rather 
than calcium alone – this will be considered in more detail later in this section. 
 

• Page 4, paragraph 3.  The statement that calcium does not have a beneficial 
effect on bone density in the absence of an exercise intervention is without 
foundation.  There are substantial numbers of papers showing that calcium alone 
has a positive effect on bone density, and there is also significant literature 
demonstrating that exercise has roughly comparable effects.  The two may well 
be additive, since their mechanisms of action are probably entirely independent, 
but this is no reason to mandate that they must always be given together, and in 
most trials they have not been.  The same logic could result in advocacy that 
hormone replacement therapy or a bisphosphonate should always accompany 
calcium supplementation. 
 

• Page 5, paragraph 3.  The final sentence of the proposed claim ‘An adequate 
intake of vitamin D is also necessary’ is not strictly correct.  As discussed above, 
normal vitamin D status is an important component of optimal bone health.  
However, this is virtually always a result of adequate sunlight exposure rather 
than vitamin D intake.  This statement perpetuates the erroneous belief that 
vitamin D is principally a nutrient. 
 

• Pages 10 – 11.  The concept of type 1 and type 2 osteoporosis was introduced by 
Riggs et al. almost two decades ago, and has been substantially repudiated by its 
own authors.  The balance of evidence at the present time indicates that bone 
loss after the menopause can be stopped at any time with the use of oestrogen.  
While there may be other factors (such as suboptimal calcium and vitamin D 
status) that accelerate bone loss, there is no value in attempting to dichotomise 
two different diseases from what is a universal phenomenon.  
 

• Page 15, paragraph 1.  The importance of vitamin D fortification of food in 
maintaining an adequate dietary intake in Canada is discussed.  In New Zealand, 
there is almost no vitamin D fortification of food, and the situation is similar in 
Australia, with the exception of margarine.  The final sentence of this paragraph 
concludes that it is important to provide a reliable, safe and adequate source of 
vitamin D in the diet.  However, dietary fortification with vitamin D was introduced 
to combat the problem of vitamin D deficiency in children.  The major group 
suffering vitamin D deficiency at the present time in the West is the elderly.  Their 
intake of all foods is often low and unpredictable, as a result of frailty and ill 
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health.  Therefore, this is not a reliable way of ensuring normal vitamin D status 
across the elderly population, and most authorities regard the use of specific 
supplements as being more effective. 
 

• Page 16, paragraph 2.  L’Abbé discusses the potential dangers of vitamin D 
supplementation.  Sustained grossly supraphysiological intakes of vitamin D can 
indeed cause hypercalcaemia, which in turn can cause transient or permanent 
kidney damage.  However, at doses used in vitamin D supplementation (500–
2000 IU/day) toxicity has never been described, and indeed the lowest intake of 
vitamin D ever associated with the toxicity is 10,000-40,000 IU/day(110).  The 
consensus at the present time is that the vitamin D intakes necessary to optimise 
bone health provide a substantial margin for safety. 
 

• Page 16-17.  While some writers have considered protein intake to be potentially 
damaging to bone, the consensus is that this is not a major problem.  Feeding 
with animal protein does increase urine calcium loss, but there is no convincing 
prospective or cross-sectional data linking high protein intakes with either low 
bone density or increased fracture rates.  Quite the opposite, as pointed out by 
L’Abbé on page 17, protein malnutrition in the elderly may actually contribute to 
bone loss, and randomised controlled trials of protein supplements have been 
shown to have beneficial effects(102).  The statement that North Americans have a 
higher incidence of osteoporosis in spite of having increased calcium 
consumption, is confounded by the effects of race and longevity on fracture rates 
in the United States and the Third World comparator nations. 
 

• Page 17, paragraph 3.  The situation with salt intake is somewhat similar to that 
with protein.  Again, sodium loading does promote urinary calcium loss but many 
studies have failed to show any cross-sectional relationship between sodium 
intake (or urinary output) and bone density or fracture rate.  Trials of reducing 
dietary salt intake have not produced significant beneficial effects on bone 
density. 
 

• Page 19, paragraph 3.  L’Abbé is dismissive of studies carried out in children 
which measured bone mineral density (BMD) rather than bone mineral content 
(BMC).  BMC represents the total amount of bone present, so is influenced by 
bone size as well as by density.  In general, bones of increased diameter have 
increased strength, but bones of increased length may break more easily.  The 
latter is suggested both by the positive correlation between hip axis length and hip 
fracture risk(34), and by the positive relationship between height and hip fracture 
risk(97).  Thus the issue is more complex than she suggests. For a given bone 
geometry, BMD would be expected to reduce fracture rates in children just as it 
does in adults, which is why many of the authors in the field have chosen to report 
BMD. 
 

 
• Page 18-24.  Consistent with her brief, L’Abbé has used cross-sectional as well as 

intervention trials to look at the relationship between dietary calcium and bone 
density/fracture.  There are major confounders in the analysis of such cross-
sectional studies.  First, larger individuals tend to consume more of any nutrient, 
including calcium.  Because of limitations in the technology for BMD 
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measurement, larger individuals also tend to have larger areal BMDs.  Therefore, 
a simple analysis of total calcium intake and BMD will tend to find a positive 
relationship.  Younger individuals have higher bone densities, lower fracture risks 
and higher calcium intakes.  Those who are free of intercurrent illness also tend to 
eat more and have healthier bones.  All of these considerations will tend to 
provide a positive bias.  There is considerable inaccuracy in the measurement of 
dietary calcium intake, both because of limitations in the instruments used, and 
because there is a substantial day-to-day variation in the calcium content of the 
diet.  This consideration will tend to reduce the likelihood of a positive finding.  
Individuals who have osteoporosis or are aware that they are at risk (e.g., 
because of a past history of fracture or a family history of fracture) may address 
their concern by increasing their dietary calcium intake or use of calcium 
supplements.  This consideration may tend to obscure any relationship that would 
otherwise be found.  In a given study, it is almost impossible to determine what 
the balance of these confounding factors is.  Therefore, most authorities have 
placed most emphasis in determining the role of calcium in bone health on 
prospective randomised controlled trials.  This is consistent with the practice of 
regulatory agencies in considering claims for novel pharmaceuticals in this area. 
 

• Page 22, paragraph 1.  L’Abbé suggests that calcium has a lesser effect in early 
postmenopausal women.  While some studies have shown this(100) others have 
demonstrated a beneficial effect of calcium in the early post-menopause(33).  
Certainly, baseline rates of bone loss are much higher in some early 
postmenopausal women, and this wider range of baseline values may result in 
loss of statistical power in randomised controlled trials in this age group.  L’Abbé 
also suggests that those women with the lowest calcium intakes show the 
greatest benefit from calcium supplementation.  While one study has shown 
this(21) others have not(95).  It would seem logical that this should be the case, but 
it is far from an established fact. 
 

• Page 23-24.  The most important point in establishing the health benefits of 
calcium (and/or vitamin D) is the demonstration that they can reduce fracture 
numbers in the context of a randomised controlled trial.  L’Abbé greatly 
exaggerates the extent and persuasiveness of the data in this respect.  Really 
only two studies have convincingly suggested that calcium (in both cases 
combined with vitamin D) could reduce fracture – the studies of Chapuy(11) and 
Dawson-Hughes(23).  There were trends to reduced fracture numbers in the 
Chevalley(15) and Recker(91) studies, but both studies were small and the findings 
are not statistically robust (see Re-Analysis of Pivotal Studies section below).  
Reid et al(96) also showed reduced fracture numbers as a result of an intervention 
with calcium alone, but again this study was underpowered for a fracture endpoint 
and the finding is not robust.  L’Abbé is on very thin ice when she suggests that 
there is convincing evidence of anti-fracture efficacy in men.  Of the studies she 
cites, Chevalley had only 19 men in a total population of 156, and Dawson-
Hughes has 176 men out of a total population of 389.  However, only five 
fractures occurred in men in the Dawson-Hughes study, so it is completely 
underpowered to assess anti-fracture efficacy in this group.  The study of 
Orwoll(80) showed no therapeutic benefit of calcium and vitamin D in men at all.  
The study of Ringe(101) has been cited in error.  This is a randomised controlled 
trial comparing fluoride therapy with calcium supplementation.  There is no group 
not receiving either therapy, so it is totally uninformative in relation to the question 
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at hand.  There is a major need for data on the effects of calcium and vitamin D 
supplementation in men.  

 

Responses to Questions in Template 
The FSANZ brief for the present review set out a number of specific questions, in section 1(a). 
The responses to these are as follows: 
 

• The Canadian review considered the major studies relevant to this question.  As a 
result of the weight given to the observational studies, it is, if anything, over-
inclusive. 
 

• The Canadian review appears to interpret the findings of the original US review 
adequately and correctly. 
 

• The Canadian review has drawn appropriately on the evidence, but has accorded 
it a greater weight than many authorities in the field would think appropriate.  The 
current consensus is that there is convincing evidence that calcium and vitamin D 
administered to an elderly population which is deficient in both, will reduce 
fractures.  There is also convincing evidence that calcium supplementation at any 
point in the lifespan will produce small beneficial effects on bone density.  In the 
context of postmenopausal women, it is probable that calcium alone will reduce 
fractures.  However, in children and young adults, the positive effects seen in 
bone density could possibly reduce fractures many years later, but probably only if 
the high calcium intakes are sustained.  This is because most studies 
demonstrate loss of gains in bone density when the calcium intervention is 
discontinued. 
 

• As discussed above, interpretation of some of the cited evidence was 
inappropriate.   
 

• The review only considered the bioavailability of calcium very briefly (pages 28-
29) and did not reach firm conclusions.  It seems probable that more soluble 
calcium sources are more easily absorbed(21,45,55,93,109), but the available data are 
inconsistent(43). The outcome may vary depending on the duration of the study, 
and based on subject differences such as age, and the use of medications and 
presence of diseases which interfere with normal gastrointestinal function (e.g. 
inhibitors of gastric acid secretion or achlorhydria, respectively).  The 
bioavailability of vitamin D was not considered in the L’Abbé review. 
 

• I believe that L’Abbé did not adequately consider the limitations of some of the 
studies she discussed.  This has been alluded to above and will be discussed 
subsequently in this appraisal. 

• The L’Abbé review did not set out to determine required intakes for either calcium 
or vitamin D, but rather to address the more general question as to whether higher 
intakes of these compounds would have positive effects on bone health.  Only 
limited conclusions can be drawn regarding the optimal dietary calcium intake.  
Randomised controlled trials demonstrate that individuals with baseline intakes of 
500–900 mg/day show beneficial changes in bone density when those intakes are 
increased by a further 500–1000 mg/day.  This suggests that a total calcium 
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intake of the order of 1.5 g/day is preferable to one of only 0.5 g/day.  However, 
the current data do not address the question as to whether 2.0 grams or 2.5 
grams are better than 1.5 g/day and, because of the scantiness of the safety data, 
it is not possible to determine what trade-offs start to be made with higher calcium 
intakes. 

 

Re-Analysis of Pivotal Studies Cited in the Review 
 
Chapuy, M. C., M. E. Arlot, F. Duboeuf, J. Brun, B. Crouzet, S. Arnaud, P. D. Delmas and 
P. J. Meunier (1992)(11) 
 "Vitamin-D3 and calcium to prevent hip fractures in elderly women." New England Journal of 
Medicine 327(23): 1637-1642 
 
The Chapuy study was the first to really suggest that supplementation with calcium and 
vitamin D alone might prevent fractures.  The study was carried out in 3270 women aged 69-
106 years of age who were living in nursing homes or apartment houses for the elderly in 
France.  They were randomly assigned to receive 1.2 g elemental calcium in the form of 
tricalcium phosphate powder in an aqueous suspension plus 800 IU vitamin D3, or matching 
placebo.  Baseline calcium intake was 510 mg/day and mean baseline serum 25-
hydroxyvitamin D levels were 33 ± 23 and 40 ± 26 nmol/L, in the placebo and supplemented 
groups respectively.  Since current recommendations are that serum 25-hydroxyvitamin D 
levels should be greater than 50 nmol/L, a majority of subjects in the study would be 
considered significantly vitamin D deficient. At baseline, femoral bone density was inversely 
related to parathyroid hormone concentrations (r= -0.34, and after adjustment for age r= -
0.25).  
 
The initial report from the study was at 18 months, by which time serum 25-hydroxyvitamin D 
had risen to 103 ± 23 nmol/L, and mean parathyroid hormone concentrations had reduced by 
almost one half (from 54 to 30 pg/mL).  BMD of the total proximal femur increased by 2.7% in 
the supplemented group, in contrast to a decline of 4.6% in the placebo group, in a subset of 
56 subjects in whom these measurements were made (P< 0.001).  An intention-to-treat 
analysis showed the number of non-vertebral fractures to be 215 in the placebo group 
compared with 160 in the supplemented group (P< 0.001).  The respective numbers for hip 
fractures were 110 and 80 (P= 0.004).  There was a trend for non-hip fractures to occur at a 
lower frequency in the supplemented group from about 2 months into the study, whereas the 
hip fracture rates began to separate between the treatment groups at about 9 months.   
 
Subsequently a report of the progress of this study to 3 years was published(12).  This included 
2303 women in the intention-to-treat analysis, which demonstrated a reduction in the number 
of subjects with hip fractures from 178 to 137 (P< 0.02) and a reduction in the number of 
women with any fracture from 308 to 255 (P< 0.02).   
 
More recently the same authors have repeated the study with a new cohort(13).  This consisted 
of 583 women, with a mean age of 85 years, living in institutions.  Two different calcium-
vitamin D preparations were used in this study, one third of the cohort being randomised to 
each.  The remaining third of subjects were given placebo.  The types and doses of calcium 
and vitamin D were as in the original study.  The study duration was 2 years.  Baseline 
calcium intakes were again low (mean 560 mg/day) and mean serum 25-hydroxyvitamin D 
was even lower than before (22 nmol/L).  In the active treatment group, 6.9% suffered a hip 



 13

fracture compared with 11.1% of the placebo group.  The percentages of subjects with non-
vertebral fractures were 17.8% and 17.9% in the active and placebo groups, respectively.  
Neither of these differences was statistically significant, though that for hip fractures 
approached conventional levels of significance (P= 0.07).   
 
The original Chapuy study caused significant surprise in the bone community at the time, 
since it demonstrated an anti-fracture efficacy that most workers in the field would have only 
thought was possible with the use of a pharmaceutical intervention.  The study was far larger 
than any comparable study reported previously, and the trend towards fewer fractures was 
evident over most of the 3 years of the study.  As a result of the size and duration of the 
original study, the results were statistically robust – for instance, they were not different 
between the per-protocol and intention-to-treat analyses.  The finding of similar effects on hip 
fractures in the smaller and shorter duplicate study suggest that this is a replicable finding.   
 
While these findings have not been seriously questioned, there are some points that should 
be made.  This is a frail, elderly population with low vitamin D status and low dietary calcium 
intake.  Therefore, the findings of fracture prevention cannot necessarily be extrapolated to 
younger women, men, or those with less marked reductions in dietary calcium and circulating 
vitamin D levels.  The baseline and longitudinal measurements of serum 25-hydroxyvitamin D, 
parathyroid hormone, and bone density are all consistent with the mechanism of action 
outlined in the Introduction above. That is, that supplementation of calcium and vitamin D 
results in reduced circulating levels of parathyroid hormone, reduced bone resorption, 
increased bone density, leading in turn to fewer fractures.  While the data are consistent with 
this scenario, other contributions to the prevention of fractures (e.g. by reductions in the 
number of falls as a result of the beneficial effects of vitamin D on muscle function) cannot be 
ruled out.  A further important limitation of this study is that calcium and vitamin D were used 
in a fixed combination.  Dose-response effects were not studied for either agent, and the 
study design gives no insight into the relative contributions of the two interventions to the 
outcome.   
 
 
Dawson-Hughes, B., S. S. Harris, E. A. Krall and G. E. Dallal (1997)(23) 
 "Effect of calcium and vitamin D supplementation on bone density in men and women 65 
years of age or older." New England Journal of Medicine 337(10): 670-676 
 
This study was published several years after the Chapuy study already discussed, and 
reinforced the message that supplementation with these two substances could produce real 
differences in fracture rates.  The study recruited healthy, ambulatory men and women aged 
65 years or older, with bone densities in the age-appropriate normal range.  Four hundred and 
forty-five subjects were enrolled in the study, of whom 389 completed all visits and were 
included in the intention-to-treat analysis.  Three hundred and eighteen subjects continued to 
take the supplements throughout and were included in the per-protocol analysis. 
 
The intention-to-treat cohort consisted of 213 women and 176 men, with a mean age of 71 
years.  Mean baseline dietary calcium intake was approximately 750 mg/day.  In the men, the 
mean baseline serum 25-hydroxyvitamin D was 83 nmol/L and in the women, 68 nmol/L.  
Subjects were randomised to take 500 mg/day of calcium, as the citrate-malate salt, and 700 
IU cholecalciferol, or matching placebos for both.  The interventions were associated with an 
increase in serum 25-hydroxyvitamin D of 40 nmol/L in the women, and 30 nmol/L in the men, 
with declines in serum parathyroid hormone concentrations of about 15 – 20 percent.  There 
were significant beneficial effects on bone density of the femoral neck, lumbar spine and total 
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body.  The between-groups differences over three years were 1.2 percent for the femoral 
neck, 0.9 percent for the spine and 1.0 percent for the total body, in the intention-to-treat 
cohort.  They tended to be slightly larger in the per-protocol analysis and were statistically 
significant with both analyses.   
 
In the intention-to-treat cohort, five men and 32 women had at least one non-vertebral fracture 
during the study.  The cumulative incidence of first fracture at three years was 5.9% in the 
intervention group and 12.9% in the placebo group (relative risk 0.5, P=0.02).  Amongst the 
318 subjects in the per-protocol cohort, the relative risk of a first non-vertebral fracture was 
0.4 (P=0.03).  There was no significant difference between the treatment groups in the 
percentage of subjects who fell. 
 
This study confirms the pattern of biochemical changes observed in the Chapuy study, 
suggesting that supplementation with calcium and vitamin D reduces parathyroid hormone 
concentrations, and thus bone turnover.  Again, increases in bone density and substantial 
decreases in fracture rates were observed.  Because it used a combined intervention, the 
same uncertainty regarding the relative contributions of calcium and vitamin D remains, 
though it is worth noting that the baseline serum levels of 25-hydroxyvitamin D were 
substantially higher in this group than in the Chapuy study.  The present study extends the 
findings of Chapuy through having a substantial number of men in the cohort (though the 
number of fractures they contributed was very small) and by studying subjects living in their 
own homes rather than in institutions.  It was also carried out in the United States providing 
generalisation of the Chapuy data to a different social environment.  Together these two 
studies provide powerful evidence for fracture prevention and preservation of bone density in 
elderly subjects through the use of a calcium/vitamin D combination. 
 
 
 
 
 
 
 
Chevalley, T., R. Rizzoli, V. Nydegger, D. Slosman, C. H. Rapin, J. P. Michel, H. 
Vasey and J. P. Bonjour (1994)(15) 
 "Effects of calcium supplements on femoral bone mineral density and vertebral fracture rate 
in vitamin-D-replete elderly patients." Osteoporosis International 4: 245-252 
 
This much smaller study recruited 93 ambulatory healthy subjects (82 women, 11 men) with a 
mean age of 72 years.  Thirteen of the 93 subjects did not complete the 18-month study.  All 
were given a single dose of 300,000 IU vitamin D and then randomised to receive either 
placebo, or one of two different forms of calcium supplementation (calcium carbonate or what 
is described as osseino-mineral complex, presumably prepared from bone meal).  The daily 
dose of elemental calcium was 800 mg.  Baseline dietary calcium intake was 620 mg/day.  
The study also included a group of patients with a history of hip fracture, but the reason for 
their inclusion is obscure, since there was no appropriate comparator group – all hip fracture 
patients were given calcium supplements.  
 
Bone density changes in the femur showed no differences between the two forms of calcium 
supplements, so they were treated as a single group.  The between-group differences in 
changes in femoral bone density were about 2%.  This difference was significant in the 
femoral shaft but not in the femoral neck.  Vertebral fracture rates were assessed from lateral 
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spine x-rays carried out at the beginning and end of the study.  Using a definition of new 
fractures as a 20% decrease in any vertebral height (the conventional definition), fracture 
rates were 74 and 107 fractures-per-1000-patient-years in the calcium-supplemented and 
placebo groups, respectively (P>0.05).  However, if fractures were defined as 20% decrease 
in the ratio of either the anterior or middle vertebral heights to the posterior height of the same 
vertebra, then there were 11 of 54 calcium-supplemented individuals who had a new fracture 
and 11 of 25 in the placebo group (P<0.05).  During the study, there were four new non-
vertebral fractures (two in the placebo group and two in the calcium-supplemented group). 
 
This is a very small study which would not meet any conventional assessments of statistical 
power to assess anti-fracture efficacy, even if the agent being assessed was a potent 
pharmaceutical.  It seems reasonable to assume, therefore, that its original intent was to 
assess bone density, and the fracture endpoints were secondary or exploratory.  It has been 
elevated to a level of prominence by L’Abbé and other reviewers because of its positive anti-
fracture effect in what the authors quite openly admit is a post hoc analysis.  This study 
contains a small number of male subjects, but no data are provided relating to the number of 
fractures that they suffered.  Based on the other studies, it is likely that very few of the small 
number of fractures did occur in men, in which case this study tells us nothing about the anti-
fracture efficacy of calcium in men.  If the study is regarded as being one of a very large 
number of bone density studies, but one which happened to find a downward trend in fracture 
numbers, then the prominence it has achieved can be seen as being a result of a selective 
reporting of positive data.  It seems reasonable to assume that most bone density studies will 
have recorded non-vertebral fracture rates, and presumably would have included these data 
in the study reports had the trends been favourable.  This is not a criticism of the Chevalley 
study, but merely a caution against relying too heavily on studies that report fractures, but 
were clearly not designed with this as a primary endpoint.  The same comments apply to the 
studies of Recker and Reid, reviewed below.  
 
 
Recker, R. R., S. Hinders, K. M. Davies, R. P. Heaney, M. R. Stegman, J. M. Lappe 
and D. B. Kimmel (1996)(91) 
 "Correcting calcium nutritional deficiency prevents spine fractures in elderly women." 
Journal of Bone and Mineral Research 11(12): 1961-1966. 
 
This is a prospective, randomised, double-blind, placebo-controlled trial of mostly rural women 
aged over 60, living independently, who were consuming <1 g/day of calcium.  They were 
randomly allocated to receive a calcium supplement of 1.2 g/day, in the form of the carbonate.  
Two hundred and fifty-one women entered the study, of whom 54 were excluded from the 
analysis because they underwent less than one year of observation.  Bone density of the 
forearm was measured at six-month intervals and lateral spine x-rays were carried out 
annually.  The mean duration of observation was 4.3 ± 1.1 years. 
 
For purposes of analysis, the study population was divided into those who had a prevalent 
vertebral fracture and those who did not.  The mean dietary calcium intakes in the two groups 
were 400–450 mg/day.  Serum 25-hydroxyvitamin D measured in a subset of 38 individuals 
was 63 ± 15 and 65 ± 23 nmol/L in the calcium and placebo subjects, respectively. 
 
Among the women with prevalent vertebral fractures, 15 out of 53 in the calcium group and 21 
out of 41 in the placebo group experienced new vertebral fractures (P= 0.02).  Amongst those 
who did not have a fracture at baseline, the fracture rates were comparable (12 out of 42 
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subjects in the calcium group, compared with 13 out of 61 subjects in the placebo group, P= 
0.4). 
 
Bone density data were also presented according to baseline fracture status.  In the prevalent 
fracture group, those on placebo lost 1.2 percent per year, whereas those allocated to calcium 
gained 0.3 percent per year (P<0.001).  In those without prevalent fractures, there was a loss 
of 0.4 percent per annum in the placebo group and no change in those on calcium (P<0.2).  
Surprisingly, non-vertebral fractures are not reported. 
 
Like the Chevalley study, this report lends credibility to the idea that calcium supplementation 
might prevent fractures.  However, the size of the study suggests that it is underpowered to 
address the effects of calcium supplementation on fracture risk, and the beneficial effects are 
only seen for a subset of fractures (radiographic vertebral deformities) in a subset of study 
subjects (those with prevalent vertebral deformities).  Radiographic deformities are much 
more common than clinical fractures, and all fracture events are more common in those with a 
history of previous fracture.  Therefore, it could be argued that the pattern of findings in this 
study is not surprising, since its power to assess clinical fractures in the broader study group 
is very low.  However, the selectivity of the findings mean that this cannot be regarded as 
definitive evidence of anti-fracture efficacy from calcium supplements alone.  Rather, like the 
Chevalley study, this represents a useful corroboration of the data presented by Chapuy and 
Dawson-Hughes.  It must be remembered, however, that the Chevalley and Recker studies 
have used calcium alone and have not demonstrated the clear-cut benefits seen in the two 
trials which used combination therapies.  These differences in outcomes may be related to the 
different interventions used, differences in the study subjects, or to the lower power of the 
Chevalley and Recker studies 
 
 
Reid, I. R., R. W. Ames, M. C. Evans, G. D. Gamble and S. J. Sharpe (1995)(96) 
 "Long-term effects of calcium supplementation on bone loss and fractures in postmenopausal 
women- a randomized controlled trial." American Journal of Medicine 98: 331-335 
 
This study was originally set up as a properly powered assessment of the effects of calcium 
supplementation on bone density over a period of two years(95).  Having produced a positive 
effect on that endpoint over that interval, it was extended to four years to determine whether 
there was a maintenance or accumulation of the beneficial effect on bone density.  Fractures 
were neither a primary nor a secondary endpoint of the study, they were merely collected as 
adverse event reports.  They were included in the first report from the study at the suggestion 
of a referee, and showed a non-significant trend towards a reduction in those taking calcium.  
In the light of this finding, they were also analysed at the end of the four years of the study.   
 
One hundred and thirty five women were recruited into the initial study, of whom 122 
completed to two years.  Eighty-six agreed to continue for a further two years, and 78 
completed to the year four endpoint.  Their mean age at baseline was 58 years, and dietary 
calcium intakes were of the order of 700–750 mg/day.  Baseline serum 25-hydroxyvitamin D 
levels were 95 ± 37 nmol/L.  Both the two-year and four-year reports demonstrated significant 
effects of calcium supplementation in slowing bone loss throughout the skeleton.  At most 
sites, this effect appeared to be greater in the first year than subsequently, though in the total 
body scans the effect appeared to be cumulative over time.  Nine clinical fractures occurred in 
seven subjects in the placebo group (two proximal femur, three forearm, one vertebral and 
three phalanges/metatarsals) and two fractures in two subjects receiving calcium (one 
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metacarpal and one forearm).  These differences in fracture rates were significant between 
the groups (P=0.04).  No incident vertebral deformities were found in the course of the study. 
 
The interventions were discontinued at year four, but a further follow-up was undertaken on all 
available subjects at the end of ten years(113).  One hundred and four women took part in this 
follow-up, 24% of whom had started hormone replacement therapy at the time they left the 
original study.  The use of hormone replacement therapy was associated with positive 
changes in bone density and a reduced risk of vertebral fracture (relative risk 0.42, 95% CI 
0.18–0.83).  Other important determinants of change in bone density over the decade were 
weight and fat mass, time since menopause, and sex hormone concentrations.  There was no 
evidence of a persisting beneficial effect of calcium use in years 1-4 on bone density or 
fracture risk six years after the termination of the study. 
 
This study is very similar in design and results to those of Chevalley and Recker.  It is 
underpowered to definitively assess the effect of calcium on fracture.  It did, however, suggest 
that non-vertebral fractures were less common, but had no capacity to assess the effect on 
vertebral fracture, since few occurred in this relatively young population of healthy women.  
Like the Recker and Chevalley studies, the emphasis on the fracture data is selective – if 
there had been no effect on fracture this would certainly not have been cited as a negative 
study, since it was not powered to address this endpoint.  As with those other studies, it 
provides supportive but not conclusive evidence regarding the anti-fracture efficacy of 
calcium. 
 

Consideration of the Validity of the Canadian Review’s Conclusions 
• In my opinion the Canadian review is a comprehensive summary of the evidence 

available at the time it was conducted.  There are some inaccuracies, which 
weaken its conclusions. 
 

• The review gave adequate consideration to the circumstances under which the 
studies were carried out, but did not acknowledge the weakness of the evidence 
for anti-fracture efficacy in some of the smaller studies. 
 

• The review did consider the suggested adverse effects of high calcium intake.  
The only adverse effects which are generally accepted are constipation, and 
possibly an increased risk of renal calculi in those who use calcium supplements.  
In contrast, those with a high dietary calcium intake may have a reduced risk of 
renal calculi, since calcium complexes oxalate in the diet, making the risk of 
calcium oxalate stone formation lower(19).  In considering the non-bone effects of 
calcium and vitamin D, the trial did not mention a number of other positive effects 
that have been suggested.  Thus, high calcium intakes may be associated with 
lower risk of colon neoplasia(114), hypertension and other cardiovascular 
diseases(72,99). 
 

• As discussed above, the data reviewed by L’Abbé are convincing with respect to 
the anti-fracture efficacy of calcium/vitamin D combinations in the frail elderly, and 
with respect to positive effects on bone density across a broad age range.  They 
suggest that fractures would probably be decreased by calcium alone in 
postmenopausal women, and that it is possible that calcium use earlier in life may 
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reduce fractures in old age. 
 

• Because the L’Abbé paper is comprehensive in its literature review and because it 
builds on the earlier statements from the US Authorities, it does represent a 
suitable starting point for reconsideration of this issue in the Australian and New 
Zealand context. 
 

• The consideration of phosphate content on bone health in the L’Abbé review is far 
from convincing.  As she herself implies, this is a conclusion based on the 
cumulative nervousness of various academic nutritionists, rather than an 
evidence-based position.  There is concern that high phosphate intakes will act as 
a stimulus to parathyroid hormone secretion, resulting in accelerated rates of 
bone loss.  However, it has not been possible to demonstrate consistently in 
cross-sectional or prospective studies that phosphate intake does produce this 
effect.  Certainly, no relationship between phosphate intake and fracture risk has 
been demonstrated, nor has it been shown that reductions in phosphate intake 
can produce beneficial effects on bone health.  In the absence of such persuasive 
data, it is probably inappropriate for health authorities to make firm statements 
about the role of phosphate in bone health. 
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PART 2: REVIEW OF EVIDENCE RELEASED SINCE THE 
CANADIAN REVIEW 

Randomised Controlled Trials 
The search strategy used to identify original studies published since January 2000 was that 
used by L’Abbé in the Canadian review.  The search and its results from Medline are included 
as Appendix 1.  This search was supplemented with references in the author’s own electronic 
database, which has been compiled from weekly searches of Current Contents over this 
period, using the search strategy set out in Appendix 2. 
 
As pointed out in the Introduction, the definition of osteoporosis is somewhat arbitrary, so the 
criteria for inclusion of studies that might be relevant to the risk of developing osteoporosis are 
similarly arbitrary.  Trials which report BMD, BMC, or fractures have been included in this 
update, and are set out in Tables 1 and 2.  Relevant studies which consider other endpoints 
(e.g. calcitropic hormones and biochemical markers of bone turnover) will be considered in 
part 4 of this report.   
 

Children and Adolescents 
The study of Specker(108) is a substantial investigation of the effects of exercise and calcium 
supplementation in young children.  Disappointingly, it did not show clear-cut beneficial effects 
of either intervention on BMD or BMC, though there was evidence that the circumference of 
the distal tibia increased more rapidly in the children randomised to increased physical 
activity.  Calcium did not have an impact on this endpoint.  Post-hoc analyses suggested a 
complex interaction between calcium intake and motor activity in the lower limb, but it is 
difficult to ascertain the significance of this finding considering the number of post-hoc 
statistical tests that have been carried out.  Thus, this study tends to suggest that calcium and 
exercise have minimal impact in this age group, but it should be noted that the baseline 
calcium intakes of these children were already quite high.   
 
The study of Dibba(28,29) provides a substantial contrast.  This is also a large study and was 
carried out in older children in the Gambia.  Baseline calcium intake was very much lower, 
and there is a consistent benefit in BMD/BMC at the radial sites assessed.  These 
investigators followed up the children over 2 years after the discontinuation of the intervention, 
and found persistence of a substantial benefit of the mid-radius (mainly cortical bone) but no 
statistically significant residuum in the trabecular bone of the distal radius.  Because of the 
substantially different baseline calcium intakes, this study and that of Specker are not 
necessarily inconsistent with one another, and taken together suggest that calcium is a 
threshold nutrient in children.   
 
The papers of Bonjour(6) and Chevalley(16) provide further updates on a very interesting study 
published previously.  This study was originally a one-year intervention with calcium-enriched 
foods in a group of 8 year-old Swiss girls.  Beneficial effects on bone density were 
documented at the end of the intervention, and the Bonjour report indicates that these effects 
are still detectable 3½  years later.  This is in contrast to most other studies in children or 
adults, which suggest that effects from a calcium intervention do not persist beyond the time 
of the intervention itself.  The Chevalley paper revisits this cohort after a further 4 years and 
suggests that the calcium-supplemented groups have gone through puberty an average of 5 
months earlier than the placebo subjects.  At this time, a residual effect of calcium on bone 
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mass was only apparent at one of the 6 sites assessed (the radial metaphysis).  However, if 
the cohort was divided in two according to median age at menarche, then a consistent benefit 
of calcium supplementation on bone density was seen in those with early menarche, and no 
effect in those with menarche age above the median value.  Once again, it is difficult to know 
how much significance should be attached to these post hoc analyses, but it is an intriguing 
possibility that calcium may be one of the nutritional factors that impacts on age of menarche. 
 
The study of Iuliano-Burns(51) is particularly relevant to this review, since it was carried out in 
Australia.  They assessed a reasonable-sized cohort of 9 year-old girls, looking at the 
interaction of calcium and exercise using a factorial design.  The investigators failed to show 
any impact of exercise or calcium supplementation on total body or lumbar spine bone 
density.  What appear to be post hoc analyses of sub-regions of the upper and lower limbs 
showed a calcium effect at some sites and an exercise effect at others, but the data do not 
provide a compelling case for either having a major biological impact.  Despite the size of the 
total cohort, its division into four groups means that the study is under-powered to find 
biologically relevant effects, particularly when its short duration is taken into account.   
 
These results are consistent with a second Australian study(9).  These authors assessed the 
impact of calcium supplementation alone in a much larger cohort, over a much longer period.  
They found effects on bone density of the order of about 1% between 6 and 18 months, but 
most of these effects had waned by the 2-year endpoint of the study.  Thus, there are small 
effects of calcium on bone in Australian girls of this age group, but their biological significance 
is dubious.   
 
Two similar studies have been reported from Hong Kong(63) and China(31).  Substantial cohorts 
of 9-10 year old girls were studied over 18-24 months, and positive effects on bone density of 
1-3% were observed.  These children had much lower baseline calcium intakes than the 
Australian studies referred to above.  The Du study suggested that calcium and vitamin D 
provided independent and additive beneficial effects.  In addition, the Du study suggested that 
the milk supplementation increased height and weight, though it is not possible to determine 
whether this was an effect of its calcium content or its other constituents.  The Lau study 
suggested a dose-response, the beneficial effects on bone density being greater with a 1300 
mg/day supplement than with half that amount.   
 
Several studies have reassessed the effects of calcium supplementation in adolescents.  
These studies have generally been carried out in Western populations, and have shown 
beneficial effects on bone density of less than 1%.  The Merrilees(75) study is significant in that 
it studied the effect of a dairy product intervention in New Zealand over 2 years, and then 
followed up the subjects for a further 12 months.  While a benefit was apparent at 2 years, 
there was no residual effect one year later.   
 

Adults 
Table 2 sets out the results from studies carried out on adult populations.  The Winters-
Stone(112) study in women athletes suggests a benefit in the femur, but is under-powered.  
Shapses(105) also detected a benefit in the special context of women actively attempting to 
lose weight.  Meier(74) et al report a small study of a disparate group of subjects, in whom 
calcium and vitamin D were only given during the winter months.  This did eliminate the 
seasonal fluctuation in BMD and bone turnover markers which has been reported at high 
latitudes, but this is probably less of an issue in the milder climates of Australia and New 
Zealand.   



 21

 
Di Daniele(27) have demonstrated a beneficial effect of calcium and vitamin D on 
perimenopausal bone loss in Italian women.  Cleghorn(17) carried out a crossover study using 
a calcium fortified milk in Australian women.  When bone loss in the year that the women took 
milk was compared with that in the control year, a 1.8% difference in spine BMD was seen.  
There was no significant effect of the milk supplement on forearm bone loss.   
 
Lau(61,62) has carried out a randomised controlled trial in late postmenopausal  women in Hong 
Kong, showing sustained beneficial effects of the order of 1% over 3 years of intervention.  
Interestingly, there was a suggestion that height loss was reduced during the first 2 years of 
the study.  Chee(14) followed a similar protocol in Chinese women in Malaysia, with similar 
results. 
 
Peacock(83) reported a substantial study in both men and women in which the effects of a 
calcium supplement were compared with those of the vitamin D metabolite 25-hydroxyvitamin 
D.  Over four years, bone densities were 2-3% higher in the calcium group compared with 
placebo.  The benefit from the vitamin D supplement was somewhat less, but baseline serum 
25-hydroxyvitamin D levels were of the order of 60 nmol/L which, does not suggest the 
presence of significant vitamin D deficiency in this cohort.   
 
Grados(37) and Harwood(41) assessed calcium and vitamin D supplementation in elderly 
women in France and Britain, respectively.  Both showed substantial beneficial effects on 
BMD, and the Harwood study also suggested that falls were reduced by 50% in those 
receiving vitamin D.  The Harwood study was carried out in patients who had recently had a 
hip fracture, and their mean 25-hydroxyvitamin D levels were markedly reduced at 28-30 
nmol/L. It is likely that many of these subjects were suffering from myopathy as a result of 
vitamin D deficiency and this may have contributed to the dramatic effect on falls. 
 
The Larsen study(58) is of particular significance in that it assesses the effectiveness of a 
community-wide programme on fractures.  A single municipality was divided into 4 
comparable blocks, which were randomised to receive three different fracture prevention 
programmes, or no intervention.  The programmes were: a home safety inspection by a 
community nurse associated with review of medications and advice regarding falls; an 
intervention with calcium and vitamin D; and a combination of the two.  Fractures were 
ascertained from community hospital records.  Approximately half of the eligible population 
took up the various interventions, and there was a 16% reduction in fracture incidence 
amongst the men and women offered the calcium and vitamin D programme.  However, when 
the men and women are assessed separately, there is no trend towards benefit in the men, 
whereas there are statisitically significant effects in the women.  While the methodology is not 
that of a simple randomised controlled trial, this study provides a valuable corroboration of the 
smaller trials of Chapuy and Dawson-Hughes, reviewed in Part 1 of this document. It 
suggests that a combined intervention with calcium and vitamin D can be instituted as a cost-
effective community programme.   
 
Albertazzi(1) carried out a 6-month study comparing the effects of 2 different calcium 
supplements.  While there were some effects on bone turnover markers, no significant effect 
on bone density was seen, consistent with the short duration of this study.  The Dawson-
Hughes(24) study is a follow-up of their earlier paper reviewed above.  Two years after the 
discontinuation of the calcium and vitamin D supplements, no residual benefits in bone 
density of the spine and femoral neck were detectable, and in the total body scans a small 
residual benefit was only significant in the men.  This is consistent with most other data. 
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Doetsch(30) assessed bone density at the site of recent humeral fractures.  Subjects taking 
calcium and vitamin D appeared to have greater density at these sites, but the clinical 
significance of this during a phase of laying down and remodelling of fracture callus is 
uncertain.   
 
Two large studies have just been published from Britain. A 2-year, open, randomized study 
compared a combined intervention of 1g of calcium plus 800 IU vitamin D3 daily with dietary 
and falls-prevention advice in 3314 women aged 70 and over with one or more risk factors for 
hip fracture(86). The study found no significant effect of the calcium/vitamin D intervention on 
fracture risk (odds ratio for any fracture 1.01, 95%CI 0.71 to 1.43; odds ratio for hip fracture 
0.75 95%CI 0.31 to 1.78). However, the findings are limited by several methodological flaws, 
including lack of a placebo control, insufficient statistical power to detect a reduction in 
fracture risk of <30%, and poor adherence with study medication (only about 60% of subjects 
continued to take the study medication). .  The RECORD study recruited 5292 people aged 
70 years or older (85% women) with a history of a low-trauma fracture(38). They were 
randomly assigned to take 800 IU/day vitamin D3, 1000 mg/day calcium, vitamin D3 plus 
calcium, or placebo, and followed for a median period of 45 months. The incidence of new, 
low-trauma fractures did not differ significantly between participants allocated to calcium and 
those who were not (hazard ratio 0·94, 95%CI 0·81–1·09). Combined therapy was also 
ineffective (HR 1·01, 95%CI 0·75–1·36). This study had a low compliance (~50%), there was 
significant contamination with other therapies for osteoporosis, and it was carried out in a 
population with prevalent fractures. However, these considerations do not completely explain 
why its results are different from most of its predecessors 

Pending Studies 
Richard Prince recently presented data describing the effect of a 1g calcium supplementation 
in 1500 older women(90).  The per protocol analysis suggested that calcium supplementation 
reduced clinical fracture risk by 34%.  Further evaluation of these preliminary results will need 
to await publication of the full trial report. A similar study from Auckland is expected to report 
in the next few months, as will the very large calcium-vitamin D study that is a part of the 
Women’s health Initiative.  
 

Observational Studies 
L’Abbé pointed out that there are a large number of observational studies relating calcium 
intake to bone density.  Despite their number, they have contributed little to our understanding 
of the relationship between calcium intake and bone density because the relationships they 
find are weak and they are often confounded.  Therefore I have followed the example of 
L’Abbé and not systematically searched the entire literature for such studies.  However, there 
have been some longitudinal observational studies published since the year 2000 which are 
potentially of importance.   
 
Bailey(3)measured total body BMC annually on 6 occasions in 60 Canadian boys and 53 girls 
going through the pubertal transition.  24-hour dietary recall was recorded 2-3 times each 
year, and the mean of these measurements up until the time of peak growth was used as an 
estimate of calcium intake.  This estimate showed a correlation with peak calcium accretion 
rate of 0.05 for boys and 0.07 for girls, explaining less than 1% of the variance in maximal 
bone growth.   
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Barr(4) carried out a similar study of 45 Canadian girls going through the pubertal transition.  
Nutrient intakes were assessed using 3-day diet records and a calcium food frequency 
questionnaire.  Bone density was measured at baseline and 2 years later.  Calcium intake 
was not related to baseline bone density at either the lumbar spine or total body, but it was 
related to the total body measurement 2 years later (P= 0.002) and to the change in total body 
BMD during the study (P= 0.04).  Calcium intake explained 1.6-5.3% of the variance in total 
BMC.   
 
Molgaard(76) studied 192 Danish girls and 140 boys aged 5-19 years at baseline, and 
repeated the studies one year later.  Calcium intake was assessed on three occasions using a 
food frequency questionnaire.  Size-adjusted average BMC was positively associated with 
average calcium intake (P= 0.03 in girls, P= 0.07 in boys).  However the rate of increase in 
BMC was not related to average calcium intake.   
 
Fisher(35) studied 192 girls from Pennsylvania at the ages of 5,7 & 9 years, collecting 24 hour 
dietary recalls at each visit, and measuring whole body BMC & BMD at the age of 9.  The 
mean calcium intake from ages 5-9 was positively related to BMD at age 9 (P< 0.001) and 
was weakly related to BMC (P< 0.05).  Higher calcium intakes were associated with higher 
energy intakes but not greater weight, possibly suggesting that these girls were more 
physically active.  The effect of physical activity does not appear to have been adjusted for in 
these analyses, whereas it was in the studies of Barr and Molgaard, discussed above. Since 
bone density was only measured at the end of the assessment period, this is not a 
longitudinal study of bone growth, so not really comparable with the others reviewed in this 
section. 
 
Finally, Lloyd(66) reported a 10-year follow up of women studied between the ages of 12-22 
years.  Over this time, 45 days of food records were collected, and exercise histories were 
assessed by questionnaire.  Daily calcium intakes ranged from 500-1900 mg/day, but were 
not associated with either BMC, BMD, or estimates of bone strength based on proximal 
femoral geometry and density.  In contrast, exercise was related to both BMD and bone 
strength.  
 
Overall, the four longitudinal studies do not suggest a key role for calcium intake in 
determining skeletal growth during childhood and adolescence.  They suggest that calcium 
intake only accounts for a few percent of the variance in rates of bone gain in individuals 
taking Western diets. 
 

Systematic Reviews 
There have been several reviews of this area since the year 2000.  Two of these can be 
characterised as consensus statements from learned societies.  The first came from the North 
American Menopause Society(42).  Their panel of experts concluded that: 
 

“Adequate calcium intake (in the presence of adequate vitamin D intake) has 
been shown to prevent bone loss and reduce fracture risk in peri- and 
postmenopausal women. Although calcium is not as effective as antiresorptive 
agents … it is an essential component of antiresorptive agent therapy for 
osteoporosis. …Estimates of adequate intakes of calcium for peri- and 
postmenopausal women are based on evidence relating to osteoporosis 
prevention. At least 1,200 mg/day of calcium is required for most women; levels 
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greater than 2,500 mg/day are not recommended. To ensure adequate calcium 
absorption, a daily intake of 400-600 IU of vitamin D is recommended, either 
through sun exposure or through diet or supplementation…” 

 
More recently, a European panel produced their own consensus statement(7), which included 
the following: 
 

 “- when given in appropriate doses, calcium and vitamin D have been shown to 
be pharmacologically active (particularly in patients with dietary deficiencies), 
safe, and effective for the prevention and treatment of osteoporotic fractures  
- calcium and vitamin D are an essential, but not sufficient, component of an 
integrated management strategy for the prevention and treatment of 
osteoporosis in patients with dietary insufficiencies, although maximal benefit in 
terms of fracture prevention requires the addition of antiresorptive therapy 
- it is apparent that awareness of the efficacy of calcium and vitamin D in 
osteoporosis is still low and further work needs to be done to increase 
awareness among physicians, patients, and women at risk” 

 
The Cochrane Group has carried out a quantitative meta-analysis of the data in 
postmenopausal women.  This was formally published in 2002(106) and has been updated 
online since then, most recently in 2005.  This is generally regarded as a comprehensive 
review, though it does contain some significant inaccuracies. For instance, for our own 
study(96) it records all fractures as being vertebral, whereas the great majority were non-
vertebral.  Despite this and some other less important omissions, the meta-analysis is 
generally regarded as valid.  From pooled data it found a relative risk of vertebral fracture of 
0.77 (95% CI, 0.54-1.09) and a relative risk of non-vertebral fracture of 0.86 (95% CI, 0.43-
1.72).  The weighted mean differences for bone density change after treatment with calcium 
were as follows:  total body 2.05% (95% CI, 0.24-3.86); lumbar spine 1.7% (95% CI, 0.9-2.4); 
hip 1.6% (95% CI, 0.7-2.6); distal radius 1.9% (95% CI, 0.3-3.5).  This reinforces the data 
cited above indicating that calcium supplementation consistently produces beneficial effects 
on bone density in postmenopausal women, but at the present time there is not conclusive 
evidence that calcium alone can reduce fracture rates.  The studies in which calcium and 
vitamin D were co-administered were excluded from this meta-analysis.  The currently 
available version online does not include any new data and its conclusions are essentially the 
same as those of the 2002 document, the final conclusions of which were: 
 

“Calcium supplementation alone has a small positive effect on bone density. 
The data show a trend toward reduction in vertebral fractures, but do not 
meaningfully address the possible effect of calcium on reducing the 
incidence of non-vertebral fractures.” 

 
Very recently, a similar meta-analysis has been carried out for studies in those under the age 
of 25(57).  They identified four cross-sectional studies that assessed only dairy or milk intake, 3 
of which found no relationship of these variables to BMD.  There were 13 studies which 
looked at total calcium intake in relation to BMD, 9 finding no relationship.  The authors 
conclude that body weight, physical activity, pubertal status, height and age were the most 
consistent predictors of BMD in children and adolescents in these studies.  They identified 13 
retrospective studies, of which 7 were judged to be methodologically adequate.  Three of 
these assessed dairy intake and produced conflicting results.  The other four studies 
assessed total calcium intake, and did not find that it was consistently related to bone density.  
Ten prospective studies were identified, which again did not show consistent relationships 
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between calcium intake and bone density.  There were 13 randomised controlled trials, 12 of 
which had durations of at least one year.  Three of these assessed milk or dairy product 
supplements.  Two of these showed more positive changes in bone density in the 
supplemented groups.  In the 10 trials that assessed the effects of calcium supplementation, 9 
showed a 1-6% increase in BMD or BMC at at least one bone measurement site, whereas 
one showed no effect.  Only one of these 10 trials reported an increase in BMD that persisted 
12 months post-treatment.  The final conclusion of the authors is: 
 

 “Scant evidence supports nutrition guidelines focused specifically on 
increasing milk or other dairy product intake for promoting child and 
adolescent bone mineralization.” 

 
An editorial(39) which accompanied the Lanou paper concluded: 
 

 “…I agree with Lanou et al that there is no direct evidence that calcium 
supplements at any level in childhood or adolescent have any impact on 
long-term bone health in adults, including osteoporosis.” 

 
It can be concluded that the recent reviews of the paediatric area are less enthusiastic about 
the potential long-term benefits of calcium supplementation in children than was the L’Abbé 
review.  While the ‘expert committees’ generally agree with L’Abbé’s conclusions regarding 
the value of calcium supplementation in postmenopausal women, the formal meta-analysis of 
Shea is less positive that there is fracture protection.  This difference is substantially because 
they have not included studies in which vitamin D was co-administered with calcium.  The 
meta-analysis of BMD data from postmenopausal women agrees with the L’Abbé conclusion 
that bone loss is slowed by calcium supplementation.   
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PART 3: RELEVANCE OF THE RELATIONSHIP TO AUSTRALIA 
AND NEW ZEALAND 

 

Calcium Intakes and Vitamin D Status in Australia and New Zealand 
There has been a considerable amount of research regarding the role of calcium in 
osteoporosis carried out in Australasia.  This focus is substantially attributable to the 
leadership of Professor BEC Nordin who has been an international leader in this area since 
the 1950s, initially in the United Kingdom and more recently in Adelaide. Therefore, there is 
fairly extensive documentation of calcium intakes and serum 25-hydroxyvitamin D levels in 
these counttries.  Table 3 sets out the dietary calcium intakes and circulating levels of 25-
hydroxyvitamin D, reported in some of the larger studies published from Australasia over the 
last decade or so.  The Adelaide group was one of the first to provide substantial 
documentation of vitamin D levels in this part of the world.  The study of Need(77) indicates 
that the average levels in the postmenopausal population are satisfactory, but that a 
significant proportion of older women had values less than 50 nmol/L, which is generally 
regarded as sub-optimal.  Perth(26), Victoria(82), Queensland(73) and Auckland(68,98) all have 
generally comparable values, which is interesting in light of the variation in their sunshine 
hours and intensity.  It has been suggested that people in hotter climates stay out of the sun, 
and are probably more likely to use sunscreens(65). These factors may tend to even out 
regional differences in serum 25-hydroxyvitamin D levels. In Hobart, a study of more elderly 
men and women showed somewhat lower values, with more than half being at insufficient 
levels(49). As has been reported elsewhere, individuals who are unwell(49,50) or who have 
recently had a hip fracture, have substantially lower levels of vitamin D.  In the case of 
geriatric medical patients, this is probably because their other illnesses and general frailty 
cause them to spend less time outdoors.  The same explanation probably applies to the hip 
fracture patients, though there is the further possibility that their vitamin D deficiency might 
directly contribute to their risk of fracture, through causing myopathy and accelerating bone 
loss.   
 
The study of Lips(65) directly compared the serum 25-hydroxyvitamin D levels of Australasian 
women with those of several thousand others from around the world. The New Zealand mean 
of 65 nmol/L was very similar to that in the United States (68 nmol/L). Canada had a mean 
value of 76 nmol/L, Australia 83 nmol/L, and Northern Europe 85 nmol/L. The higher values in 
Northern Europe may reflect a greater use of vitamin D supplements by the Europeans. 
Overall, these data suggest that the distribution of vitamin D concentrations are similar in 
Australasia to what has been reported from the northern hemisphere.   
 
Pasco(82) assessed vitamin D intakes over a wide age range in 861 women in Victoria. The 
median intake from the diet was 1.2 µg (50 IU) daily. Eight percent of women used 
supplements, which accounted for 43% of the total intake over the whole cohort. Other 
contributors were margarine (28%), fish (18%), and dairy products (3%). In New Zealand, 
where supplementation of margarines is less common, intakes would be less. In both 
countries, the diet is a relatively minor contributor to vitamin D status, since the measured 
levels of serum 25-hydroxyvitamin D imply a daily intake plus endogenous production of about 
25 µg (1000 IU)(110). 
 
Table 3 also sets out calcium intakes from a number of different studies. Intakes in Perth and 
Auckland are of the order of 900 mg/day, which is comparable to some countries in Western 
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Europe, but generally higher than the intakes reported from the United States.  In New South 
Wales and Victoria however, and in fracture patients from Western Australia, the intakes are 
200-300 mg/day lower, which is comparable to the values reported from a number of United 
States studies.  It seems unlikely that these differences between states are real.  They are 
more likely to arise from the fact that the Auckland and Perth studies were of volunteers 
entering a clinical trial, who may be more conscious of issues related to calcium nutrition, 
whereas the Dubbo and Geelong studies were population-based samples. This explanation is 
supported by the values from Horwath’s population studies from New Zealand(47,48), which are 
similar to the Dubbo and Geelong data. Differences in the instruments used for assessing 
calcium intake may also contribute to these discrepancies in measured intakes.  Overall 
calcium intakes are comparable to those found in other Western populations, suggesting that 
the conclusions drawn from trials in those populations are applicable in Australasia.  The 
studies of Pasco and Horwath suggest there is not a major change in calcium intakes 
throughout the adult years. Comparison of these data with those from the Australasian studies 
in Table 1 and that of Parnell(81) in Table 3, indicates that girls and adolescents in Australasia 
have similar intakes. 
 
On the basis of these data, there do not appear to be substantial differences between the 
European populations in these countries and those in North America or Western Europe.  
Therefore, there is no reason to believe that the general conclusions with respect to the 
effects of calcium and vitamin D supplementation are different between these regions.  
Vitamin D levels are slightly lower in Polynesian populations compared with Europeans living 
in New Zealand(94), and are likely to be even lower in individuals with darker skin 
pigmentation, so these conclusions may not be generalisable to all population groups in 
Australasia. Also, bone density is higher and fracture incidence is much lower in Maori than in 
pakeha New Zealanders(18,78), so bone health is a much less critical issue for Maori.  Data on 
bone density and facture incidence do not appear to be available for Australian Aborigines.   
 

Australians and New Zealanders of Asian Origin 
There are few data describing the effects of calcium intake on bone health in specific ethnic 
groups in Australia and New Zealand. However, there is now a substantial literature 
addressing this question in several Asian countries. Studies in both children and adults in Asia 
(Tables 1 & 2) have documented increases in bone density following calcium 
supplementation, which are broadly comparable to those seen in European populations, 
despite the lower dietary calcium intakes in most of these cohorts. Chinese women show 
responses to low dose vitamin D supplementation comparable to those seen in Europeans(14), 
though dark-skinned individuals, particularly those of Indian origin, tend to have lower 
circulating 25-hydroxyvitamin D concentrations, possibly because of increased catabolism of 
vitamin D(2). Thus, these groups might require greater amounts of vitamin D to maintain 
optimal status, but otherwise, the conclusions of this review are applicable to the Asian 
residents of Australia and New Zealand. This suggestion is supported by the fact that, with 
increasing westernisation, the epidemiology of osteoporotic fractures in Asian populations has 
become very similar to what is seen in the West(60). 

Studies of Calcium Supplementation in Australia or New Zealand 
Over the last 20 years, a substantial amount of work in this area has been carried out at 
research centres throughout both countries.  Some of the most recent of these studies are set 
out in Tables 1&2 (e.g. Iuliano Burns, Cameron, Merrilees, Cleghorn) and have been 
discussed already.  A number of earlier studies have also come from this part of the world. 
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The Perth group, led by Professor Richard Prince, have been major contributors in this area.  
In 1991 they published a study of 120 postmenopausal women with low bone density who 
were enrolled in a double-blind, placebo-controlled study comparing the effects of exercise, 
exercise plus calcium, and exercise plus hormone replacement therapy(89).  Bone density was 
measured in the forearm, and bone loss was significantly reduced in the group receiving 
exercise and calcium when compared with those having exercise alone.  As expected, the 
effects of hormone replacement therapy were greater than those of calcium.  Subsequently, 
the same group reported a second randomised controlled trial of 168 late postmenopausal 
women who were randomised to receive placebo, milk powder, calcium tablets or calcium 
tablets plus an exercise regimen(88).  This study demonstrated that either calcium 
supplements or milk powder produced beneficial effects on bone density in the proximal 
femur.  At the femoral neck, exercise appeared to have a significant additional effect.  A 
further follow-up of some of this cohort at 4 years demonstrated maintained benefit in those 
who continued to take their calcium supplementation(25).   
 
In Auckland, we have assessed the effects of calcium supplementation in clinical trials with 
durations ranging from 4 hours to 4 years.  We were the first to show that calcium 
supplementation reduced bone resorption within 2-3 hours of administration(93), and we 
demonstrated that this effect was sustained over a period of 3 months(92). This has been 
confirmed several times by others(104).  Subsequently we were the first to demonstrate that 
calcium supplementation has significant effects on spine and hip bone density in normal 
postmenopausal women on unselected calcium intakes(95), and an extension of this 
randomised controlled trial showed that the effects were sustained to 4 years, and were 
possibly associated with a decrease in clinical fractures(96).   
 
Professor John Wark in Melbourne has focussed on the effects of calcium supplementation in 
younger subjects.  In 1997 they published a study of 42 pairs of female twins aged 10-17 
years, in which one of each pair was randomly assigned to receive a calcium supplement and 
the other to receive placebo.  At 18 months the spine bone density was 1.6% higher in the 
supplemented twin(79).  Other work from this group has already been reviewed.   
 
These studies from both sides of the Tasman show similar responses to calcium 
supplementation to those found in Europe and North America.  They span an age range from 
childhood to women in their 70’s.  Based on these findings there is no reason to believe that 
the response of Australasians to calcium supplements is any different from that seen in other 
populations studied.   
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PART 4: RELATIONSHIP OF DIETARY CALCIUM INTAKE TO 
BIOMARKERS OF OSTEOPOROSIS 

Bone Mineral Density 
As indicated in the Introduction, there is a diversity of definitions of osteoporosis, and 
therefore a lack of clarity regarding what is the disease process (fractures versus low bone 
density) and what is a biomarker of the disease.  If fractures are taken as the definition of 
osteoporosis, then BMD meets all the criteria for a valuable biomarker.  It is a powerful 
predictor of fracture risk and in most cases, agents which increase BMD decrease fracture 
risk.  An exception to this latter statement occurs in the case of pharmaceutical doses of 
fluoride, which increase bone density without reducing fracture risk.  This appears to be 
because they interfere with normal bone mineralisation, so while there is more bone it is of 
lower structural quality.  In the context of calcium and/or vitamin D supplementation, there 
have never been any issues of compromised bone quality, so there is a broad consensus that 
positive effects of calcium/vitamin D supplementation on BMD indicate a high likelihood of 
reduced fracture risk.  This conclusion is in broad agreement with that of Prentice et al from 
the PASSCLAIM process(87). 
 

Biochemical Markers of Bone Turnover 
As already discussed, the World Health Organisation has defined osteoporosis purely in 
terms of bone density.  If this definition is taken literally then low bone density is the endpoint 
and other biomarkers that might be related to it require consideration.  The principal 
candidates in this respect are the biochemical markers of bone turnover.  As discussed in the 
Introduction, bone tissue contains both bone forming cells (osteoblasts) and bone resorbing 
cells (osteoclasts).  A number of biochemical tests which assess the activity of these 
respective cell types are now available.  These include enzymes manufactured in the 
respective cells, which are released into the peripheral circulation (for example, alkaline 
phosphatase in the case of osteoblasts, and tartrate-resistant acid phosphatase [TRAP] in the 
case of osteoclasts).  They also include proteins or fragments of proteins made in the 
osteoblast (for example osteocalcin, and fragments of type 1 collagen, such as P1NP) or 
components of bone matrix proteins released when bone is degraded by osteoclasts (for 
example, the pyridinolines and peptide fragments of type 1 collagen).   
 
Because the activities of osteoblasts and osteoclasts are tightly coupled (by mechanisms that 
are not fully understood), there is almost always a change in both formation and resorption 
markers in the same direction in response to a given stimulus.  Attempts have been made to 
quantify the relative changes in formation and resorption markers to gain some measure of 
bone balance.  However these are not widely accepted at present as robustly addressing this 
problem.  For example, an anti-resorptive intervention such as calcium supplementation or a 
bisphosphonate, primarily acts to reduce osteoclast activity and thus biochemical markers of 
bone resorption.   However, this is accompanied by a decrease in osteoblast markers as well.  
Because the primary site of action is the osteoclast and the reduction in activity of this cell is 
presumably greater than of the osteoblast, there is an increase in bone density.  However in 
the case of therapy with glucocorticoid drugs such as prednisone, there is also a decrease in 
bone turnover but in this case the primary site of action is the osteoblast.  There is a 
substantial reduction in bone formation with a lesser secondary reduction in bone resorption, 
and there is a profound loss of bone.  A common cause of increased osteoblast markers is 
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states of hormonal or cytokine excess (e.g. primary hyperparathyroidism or bone disease of 
malignancy).  Here, the primary driver to increase turnover is acting on the osteoclast, and the 
increase in osteoblast indices is entirely secondary, and bone loss usually occurs. Therefore, 
biochemical markers provide evidence that an intervention has an impact on bone cell 
metabolism, but they need to be interpreted in the context of other evidence regarding the 
mechanism of action of that intervention, and with bone density studies, for them to be 
informative.   
 
There is an ongoing reappraisal of the importance of bone turnover to fracture risk.  There are 
now studies demonstrating that bone turnover is an independent predictor of fracture.  
However, there remains uncertainty as to whether all markers can predict fracture risk with 
equal effectiveness, and these tests are little used in clinical practice for fracture prediction at 
present.  Since randomised controlled trials of anti-resorptive therapies in the management of 
osteoporosis became widespread 15 years ago, there has been surprise at the anti-fracture 
efficacy of agents such as bisphosphonates and oestrogen therapy in relation to the relatively 
small increases in bone density they produce.  The same is certainly true for calcium and 
vitamin D, which produce changes in bone density of the order of 1%, but appear to reduce 
fractures by 20-50%.  By way of comparison, in cross-sectional studies a 10% difference in 
bone density is generally associated with a 50% difference in fracture risk.  This has led to the 
hypothesis that decreased bone turnover itself, independent of the changes in bone density 
this leads to, increases bone strength.  While this remains controversial, a recent reanalysis of 
data from trials using the potent bisphosphonate risedronate, suggested that an individual’s 
fracture risk post-treatment was directly related to the level of bone turnover achieved(32).  At 
the present time, there is not a consensus that reduced bone turnover itself prevents 
fractures, but there is a strengthening body of opinion in support of this contention.  Therefore, 
there would currently be only minority support for accepting changes in bone turnover as 
evidence of a health benefit, and this is also the conclusion of the Prentice document(87).  
However, this is an area of very active research, and it is quite likely that the consensus may 
shift significantly in the next few years.   
 
While concluding that changes in markers alone are not adequate evidence for allowing a 
substance to make claims in relation to bone health, it should be noted that calcium/vitamin D 
have consistently been shown to have effects on a variety of bone turnover markers in a 
number of different study populations.  Thus, there is evidence for reduced turnover markers 
following calcium use in adolescent girls(103), young men(40), during pregnancy(53), and in 
postmenopausal women(55).  These effects are apparent within 2 hours of calcium 
administration(93).  The early fall in turnover is probably mediated by secretion of calcitonin(116), 
though the longer term suppression of turnover is more probably related to reduced 
parathyroid hormone secretion(37,74,103).  

Other Biomarkers 
While the great bulk of evidence of calcium’s effect on health has been measured in terms of 
changes in bone density and to a lesser extent, markers, there are other biological endpoints 
on which calcium has been shown to impact.  For instance, calcium and vitamin D 
supplementation has been shown to reduce body sway, suggesting an effect on muscle 
function(85).  It may also result in a reduction in fall frequency(5) but there is some 
inconsistency of the data surrounding this endpoint(59).  Calcium has also been suggested to 
reduce tooth loss(56).   
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There has been a lot of recent interest in the effects of calcium supplementation on body 
weight.  The data suggesting this has been mainly from small clinical or epidemiological 
studies(8,10,20,52,64,67,71,84,107,115). There is also evidence for beneficial effects of calcium 
supplementation on circulating cholesterol fractions(44,99).   
 

Calcium Balance Studies 
Prior to the advent of bone densitometry and the availability of measurements of bone 
markers, calcium balance studies were the basis for determining optimal intakes of calcium.  
There is a fundamental problem with calcium balance studies, in that calcium and bone 
metabolism take many months to adjust to changes in intakes.  It is seldom convenient to 
carry out studies over this prolonged period of time, so many take place over a week or two 
and, as a result, produce misleading results.  For instance, if calcium intake is increased, 
marker studies indicate that bone resorption drops abruptly, but that it takes 3 or more months 
for the associated decline in osteoblast activity to occur.  In the interim, there is a positive 
bone and calcium balance and this is reflected in the early increases in bone density.  This 
positive calcium balance is not sustained, and therefore has no role in determining optimal 
calcium intake. These issues are exemplified by the study of Wastney(111) which assessed the 
effect of increased calcium intake on calcium kinetics in 12 year old girls.  After one week on a 
high calcium diet, calcium retained in bone increased by 450 mg/day.  If this improvement 
was maintained over a period of a year, then the girls would have a skeletal calcium content 
165 g higher than that of their unsupplemented  peers.  This is equivalent to a between-
groups difference of 20% of baseline bone mass.  The data in Table 1 indicate that the real 
figure is about 1%.  For this reason, calcium balance studies need to be interpreted with great 
care, and they only provide a very indirect indication of what is happening at the bone level.   
 

Biomarkers Conclusion 
BMD is certainly acceptable as a biomarker in the terms set out in the report template. 
Biochemical marker data would be accepted as corroborative only. The other measures 
considered do not form a sound basis for a bone health claim. 
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SUMMARY 

Osteoporosis and Bone Biology 
• Bone is a connective tissue consisting of a protein matrix, embedded in a mineral 

phase made up of calcium and phosphate.  During growth and renewal of bone, the 
bone-forming cells lay down the protein scaffold of bone, which is predominantly type 1 
collagen. Secondarily, calcium and phosphate precipitate between the fibres of this 
matrix, forming hydroxyapatite crystals.  The amount of bone at any time in life is 
determined by the balance between the amount of protein laid down by the bone-
forming cells and that which has been removed by the bone resorbing cells.   
 

• Severe deficiency of calcium and/or vitamin D, results in low circulating levels of 
calcium, and inadequate mineralisation of bone. This produces the clinical picture of 
osteomalacia in adults, or rickets in children.  
 

• Less severe deficiency of calcium/vitamin D results in increased secretion of 
parathyroid hormone, which in turn increases bone resorption.  This is the mechanism 
by which suboptimal calcium and vitamin D status accelerate bone loss, particularly in 
the elderly.  Supplementation with calcium and vitamin D has been shown in 
randomised trials to reverse these processes, with declines in parathyroid hormone 
and bone resorption, increases in bone density, and decreases in fracture risk.   
 

• There is no evidence that calcium directly stimulates bone growth. 
 

• Vitamin D is not an important dietary constituent in Australia or New Zealand, virtually 
all being synthesised in the skin as a result of sunlight exposure. 
 

• Various definitions of osteoporosis have been used, including the occurrence of 
fractures after minimal trauma, and bone density below a specific threshold. Obviously 
the choice of definition impacts on the degree of certainty that calcium/vitamin D 
impact on osteoporosis. 
 

• Bone density is acceptable as a biomarker for osteoporosis.  
 

• Changes in biochemical markers of bone turnover indicate an effect on bone 
metabolism, but generally require bone density or other data for meaningful 
interpretation. Less direct assessments, such as calcium balance, can be misleading. 
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Assessment of the Canadian Review 
The starting point of the present review was a similar process undertaken in Canada in 2000, 
by L’Abbé. The present author’s assessment of that analysis and the data it reviewed are as 
follows: 

• The Canadian review was a comprehensive summary of the evidence available at the 
time it was conducted.  
 

• The review gave adequate consideration to the circumstances under which the studies 
were carried out, but did not acknowledge the weakness of the evidence for anti-
fracture efficacy in some of the smaller studies. 
 

• The only adverse effects of high calcium intake which are generally accepted are 
constipation, and possibly an increased risk of renal calculi in those who use calcium 
supplements.  
 

• The review did not set out to determine required intakes for either calcium or vitamin D, 
but rather to address the more general question of whether higher intakes of these 
compounds would have positive effects on bone health.  Randomised controlled trials 
demonstrate that individuals with baseline intakes of 500–900 mg/day show beneficial 
changes in bone density when those intakes are increased by a further 500–1000 
mg/day.  This suggests that a total calcium intake of the order of 1.5 g/day is 
preferable to one of only 0.5 g/day 
 

• The importance of the bioavailability of calcium remains uncertain.  It seems probable 
that more soluble calcium sources are more easily absorbed, but the available data are 
inconsistent. 
 

• The data are not convincing with respect to the effects of phosphate content on bone 
health. There is concern that high phosphate intakes will act as a stimulus to 
parathyroid hormone secretion, resulting in accelerated rates of bone loss.  However, it 
has not been possible to demonstrate this consistently. In the absence of persuasive 
data, it is probably inappropriate for health authorities to make firm statements about 
the role of phosphate in bone health. 

Relevance to Australia and New Zealand 
• Serum 25-hydroxyvitamin D concentrations and calcium intakes in the European 

populations in Australasia are similar to those in North America or Western Europe.   
 

• Trials of calcium supplementation in children and adults in Australia and New Zealand 
have produced similar results to those from North America or Western Europe. Trials 
in some Asian populations with very low baseline calcium intakes have found more 
striking treatment effects.   
 

• There is no reason to believe that the general conclusions with respect to the effects of 
calcium and vitamin D supplementation are different between Australia/New Zealand 
and other Western countries.  
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Evidence Published Since 2000 
• Four prospective longitudinal studies in children have been published in this period. 

These studies suggested that calcium intake only accounts for a few percent of the 
variance in rates of bone gain in children and adolescents taking Western diets. 
 

• Ten new randomised controlled trials in children or adolescents were published in this 
period. Most showed beneficial effects on bone density of about 1%, and these 
benefits were not sustained after discontinuation of the supplement. 
 

• Thirteen new randomised controlled trials in adults were published in this period. 
Eleven showed beneficial effects on bone density of about 1-2%, and one found a 
decrease in fracture incidence in postmenopausal women randomised to calcium and 
vitamin D. 

 
• Several societies working in the calcium/bone area have published statements 

supporting higher calcium and vitamin D intakes. 
 

• The Cochrane Group has carried out a quantitative meta-analysis of the data for 
calcium supplementation in postmenopausal women. The conclusions of this were: 
“Calcium supplementation alone has a small positive effect on bone density. 
The data show a trend toward reduction in vertebral fractures, but do not 
meaningfully address the possible effect of calcium on reducing the incidence of 
non-vertebral fractures.” 
They excluded studies of combined intervention with calcium and vitamin D from this 
meta-analysis. 
 

• A systematic review of studies in children has recently been published, which reached 
a more negative conclusion: 
“Scant evidence supports nutrition guidelines focused specifically on increasing 
milk or other dairy product intake for promoting child and adolescent bone 
mineralization.” 
Despite its negative conclusion, it did report small positive effects of calcium on bone 
density in randomised controlled trials, though these did not usually persist after the 
cessation of the intervention. 
 
 
 
 
 
 
 
 
 
 
 

Conclusions 
• The available data are convincing with respect to the anti-fracture efficacy of 

calcium/vitamin D combinations in the frail elderly, particularly in women. 
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• The available data are convincing with respect to the positive effects of calcium 
supplementation on bone density across a broad age range, particularly in women.   
 

• The available data suggest that fractures would probably be decreased by calcium 
alone in postmenopausal women. 
 

• The available data suggest that it is possible that high calcium intakes earlier in life 
may reduce fractures in older people, if that high intake were sustained through into 
old age.  
 

• There is little evidence that a period of several years of dietary calcium intake 
substantially above current mean levels in children, will produce lasting skeletal 
benefits. 
 

• The beneficial effects of calcium supplementation have been demonstrated with a 
variety of forms of calcium. 
 

• The beneficial effects of calcium supplementation have been demonstrated in healthy, 
unselected girls and women in Australia and New Zealand. 

 
• Current evidence suggests that levels of 25-hydroxyvitamin D of at least 50 nmol/L are 

necessary for optimal bone health. 
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APPENDICES 

Appendix 1: Strategy Used in Medline Search 
 
Database: Ovid MEDLINE(R) <1966 to February Week 2 2005> 
Search Strategy: 
---------------------------------------------------------------------------- 
---- 
1     calcium.m_titl. (77856) 
2     calcium.mp. [mp=title, original title, abstract, name of substance 
word, subject heading word] (311517) 
3     osteoporosis.mp. [mp=title, original title, abstract, name of 
substance word, subject heading word] (29851) 
4     bone.mp. [mp=title, original title, abstract, name of substance word, 
subject heading word] (389120) 
5     3 or 4 (399544) 
6     1 and 5 (6112) 
7     trial.mp. [mp=title, original title, abstract, name of substance word, 
subject heading word] (154545) 
8     6 and 7 (166) 
9     limit 8 to yr=2000 - 2005 (59) 
10     from 9 keep 1-10 (10) 
11     from 9 keep 1-59 (59) 
 
*************************** 
Citation <1> 
Unique Identifier 
  15507508 
Authors 
  Chevalley T.  Rizzoli R.  Hans D.  Ferrari S.  Bonjour JP. Institution 
  Service of Bone Diseases [WHO Collaborating Center for Osteoporosis Prevention], 
Department of Rehabilitation and Geriatrics, University Hospitals, CH-1211 Geneva 14, 
Switzerland. Thierry.Chevalley@hcuge.ch Title 
  Interaction between calcium intake and menarcheal age on bone mass gain: an eight-year 
follow-up study from prepuberty to postmenarche. Source 
  Journal of Clinical Endocrinology & Metabolism.  90(1):44-51, 2005 Jan.  
 
Citation <2> 
Unique Identifier 
  15100715 
Authors 
  Harrington M.  Bennett T.  Jakobsen J.  Ovesen L.  Brot C.  Flynn A. Cashman KD. 
Institution 
  Department of Food and Nutritional Sciences, University College, Cork, Ireland. Title 
  Effect of a high-protein, high-salt diet on calcium and bone metabolism in postmenopausal 
women stratified by hormone replacement therapy use. Source 
  European Journal of Clinical Nutrition.  58(10):1436-9, 2004 Oct.  
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Citation <3> 
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Appendix 2: Strategy Used in Weekly Current Contents Searches 
 

#22 Set Combination 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 
or 21 

#21 Journal Title clinical endocrinology 
#20 Topic/Subject milk or dairy 
#19 Topic/Subject osteomalac* or lactofer* 
#18 Topic/Subject selective same estrogen 
#17 Topic/Subject raloxifene or paget* 
#16 Topic/Subject calcitriol or alfacalcidol 
#15 Topic/Subject alendronate or risedronate or etidronate or pamidronate or ibandronate or zoledron* 
#14 Topic/Subject bisphosphonate* 
#13 Topic/Subject hormon* same therapy 
#12 Topic/Subject (estrogen or oestrogen) same therapy 
#11 Topic/Subject amylin 
#10 Topic/Subject calcium supplement* 
#9 Topic/Subject dietary calcium 
#8 Topic/Subject calcium intake 
#7 Topic/Subject calcium metabolism 
#6 Topic/Subject vitamin same d 
#5 Topic/Subject parathyroid 
#4 Topic/Subject hip fracture 
#3 Topic/Subject osteoporo* 
#2 Topic/Subject osteoclast* 
#1 Topic/Subject osteoblast* 

 
 
 
 



Table 1: Randomised Controlled Trials of Calcium/Vitamin D on Bone Mineral Density in Those Aged <20 Years 
 
 

Reference N Sex Age at 
Entry 

(years) 

Country Duration Intervention Dose of 
Elemental 
Calcium 
(mg/d) 

Dietary 
Calcium 
Intake 
(mg/d) 

Results Comments 

Specker et al 
2003 

178 M/F 3-5 USA 1 year Calcium 
carbonate ± 
exercise 

1000 (5 days 
a week) 

923  No significant 
effects on BMC 

Effects of 
calcium and 
exercise on 
bone geometry 

Dibba et al, 
2000, 2002 
 
 

160 M/F 8-12 Gambia 12 
months 

Calcium 
carbonate  

1000, 5 days 
a week 

342  2-5% benefit in 
forearm BMD/BMC 

Benefits at 
mid-radius 
persist 2 years 
after 
intervention, 
but not at 
distal radius 

Bonjour et al, 
2001 

144 F 8 Switzerland 48 weeks Milk calcium 
phosphate 
enriched foods

850 ~900 Mean BMD 
increase, calcium vs 
placebo: 30.3% vs 
25.6% at 4.5 years 

 

Chevalley et 
al, 2005  

144 F 8 Switzerland 48 weeks Milk calcium 
phosphate 
enriched foods  

850 ~900 Mean BMD 
increase, calcium vs 
placebo: 50.7% vs 
48.3% at 8.5 years  

Menarche 5 
months earlier 
in calcium 
group 

Iuliano-Burns 
et al, 2003 
 

66 F 9 Australia 8.5 
months 

Calcium-
fortified foods 

430  670 Benefits of calcium 
and exercise at 
some sites only 
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62 

Lau et al, 
2004 
 
 

324 M/F 9-10 Hong Kong 18 
months 

Milk powder  1300 or 650 449 1.1-1.4% benefits at 
hip and spine with 
high dose 

 

Du et al, 
2004 

698 F 10 China 2 years  Milk fortified 
with calcium, 
or milk fortified 
with calcium + 
D 

245 ± 3 µg 
calciferol 

430  Additive increases 
(1-3%) in total body 
BMD independently 
from calcium and vit 
D 

 

Cameron et 
al, 2004 

129 F 8-13 Australia 2 years Calcium 
carbonate  

1200 716 Benefit of ~1% at 6-
18 months, NS by 
24 months except at 
total body 

 

Molgaard et 
al, 2004 
 
 
 
 
 

113 F 12-14 Denmark  1 year  Calcium 
carbonate  

500 <713 or 
1000-
1304 

Between-groups 
benefits of ~0.5% in 
BMD/BMC, mostly 
non-significant 

No effect of 
baseline 
calcium intake 
on response 

Volek  et al, 
2003 
 
 
 

28 M 
 

13-17 USA 12 weeks Milk 700 mL/d 740 980 1% greater ∆BMD 
with milk 

Both groups in 
exercise 
programme 

Rozen et al, 
2003 

100 F 14-15 Israel 1 year Calcium 
carbonate 

1000 580 0.7% increase in 
∆BMD at spine and 
total body, NS at hip

Effect mainly 
in those >2 
years post-
puberty 
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Merrilees et 
al, 2000 
 
 
 
 

91 F 15-16 New 
Zealand 

2 years 
interventi
on, 1 year 
follow-up 

Dairy foods 410 755 Benefits at hip and 
spine at 2 years 

No residual 
benefit 1 year 
later 

* Differences between-groups are significant, unless indicated otherwise. NS  = not significant 
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Table 2: Randomised controlled trials of calcium/vitamin D on Bone Mineral Density or Fracture in Adults 
 

Reference N Sex Age at 
entry 

(years) 

Country Duration Intervention Dose of 
Elemental 
Calcium 
(mg/d) 

Dietary 
Calcium 
Intake 
(mg/d) 

Results* Comments 

Winters-
Stone et al, 

2004 

23 F 18-35 USA 1 year Calcium 
carbonate 

1000 1150 No benefit at spine 
or hip, but 2% 

benefit at femoral 
shaft 

>50% dropout 

Shapses et 
al, 2001 

38 F 35-48 USA 6 months Calcium 
citrate 

1000 990 Spine BMD 
increased 1.7% vs 
placebo, no effect 

at total body 

Women 
undergoing 
weight loss 

Meier et al, 
2004 

43 M/F 33-78 Germany 1 year Calcium + 
calciferol (from 
Oct to March) 

500 - Benefit to BMD of  
~1% at femoral 
neck and spine 

Winter 
supplementati

on only 
Di Daniele 
et al, 2004 

120 F 45-55 Italy 2.5 years Calcium + vit 
D 200 IU/day 

500 - 1.9% difference in 
total BMD (calcium 

>placebo) 

 

Cleghorn 
et al, 2001 

 
 
 

115 F 51-53 Australia 1 year Calcium 
fortified milk 

700 945 1.8% advantage 
from calcium for 

spine BMD, NS at 
forearm 

Crossover 
study 

Lau et al, 
2001 & 
2002 

185 F 55-59 Hong 
Kong 

2 & 3 
years 

Milk powder 800 480 Benefits of ~1% at 
hip, spine and total 

body at 2 years, 
with further small 
gains in year 3 

Reduced 
height loss in 

years 1-2 
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Chee et al, 
2003 

200 F 55-65 Malaysia 2 years Milk powder 1200 500 Benefits of 0.7-
1.6% at hip, spine 

and total body 

 

Doetsch et 
al, 2004 

30 F 58-88 Denmark 12 weeks Calcium + vit 
D 800 IU/day 

1000 - 7.5% greater 
increase in BMD at 

fracture site 

BMD 
measured at 

humeral 
fracture site 

Peacock et 
al, 2000 

438 F 316 
M 122 

60+ USA 4 years Calcium 
citrate malate 

or 25(OH)D 15 
µg/d 

750 550 2-3% benefit with 
calcium vs placebo, 

marginal benefit 
from 25(OH)D 

 

Grados et 
al, 2003 

192 F 65+ France 1 year Calcium 
carbonate + 
400 IU/day 

cholecalciferol 

500 740 1-3% between 
groups differences 

in ∆BMD 
(calcium>placebo) 

 

Harwood 
et al, 2004 

150 F 67-92 UK 1 year Calcium 
carbonate, ± 

vit D 

1000 - Total hip ∆BMD 
4.6% greater with 

Ca-D 

Falls reduced 
50% in vit D 

groups 
Larsen et 
al, 2004 

9605 M/F 66-103 Denmark 42 
months 

Calcium 
carbonate + 
400 IU vit D 

1000  16% reduction in 
fractures in Ca-D 

group 

No benefit 
seen in men 

Albertazzi 
et al, 2004 

153 F 60+ UK 6 months Tricalcium 
phosphate or 

ossein 
hydroxyapatite

 

500 630 No significant 
effects on BMD 

 

Dawson-
Hughes et 
al, 2000 

 

295 M/F 68+ USA 3 year 
trial, 2 
years 

follow-up 

Calcium 
citrate malate 
+ 700 IU vit D 

500 ~750 Minimal residual 
benefit 2 years post 

intervention 

 

Porthouse 
et al, 2005 

3314 F 70+ UK Median 
follow-up 

25 

Calcium 
carbonate + 

800 IU 

1000 1080 No effect on 
fracture rates 

Unblinded. 
Low 

compliance 
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66 

months calciferol 

RECORD, 
2005 

5292 M/F 70+ UK Median 
45 

months 

Calcium 
carbonate ± 

800 IU 
calciferol 

1000 ? No effect on 
fracture rates 

Low 
compliance 

 
* Differences between-groups are significant, unless indicated otherwise 
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Table 3:  Representative Studies Reporting Dietary Calcium Intake or Serum 25-Hydroxtvitamin D Levels in Australians or New 
Zealanders 

Study Subjects N Age 
(years) 

Location Calcium Intake 
(mg/day) 

Serum 25(OH)D* 
(nmol/L) 

Need, 1993 Normal 
postmenopausal 

women 

433 60 ± 9 Adelaide Not reported 63 
(10 – 196) 

Inderjeeth, 2000 Volunteers F = 29 
M = 23 

75 ± 7 
(64 - 88) 

Hobart Not reported 47 ± 24 

Inderjeeth, 2000 Patients F = 71 
M = 38 

79 ± 9 
(60 - 101) 

Hobart Not reported 27 ± 17 

Inderjeeth, 2002 Patients with hip 
fracture 

F = 66 
M = 25 

81 ± 8  
(58 - 101) 

Hobart Not reported 26 ± 13 

Devine, 2004 Normal women >70 
years 

1363 75 ± 3 Perth 964 ± 350  
(204 - 2359) 

Not reported 

Devine, 2002 Normal women >70 
years 

120 75 ± 3 Perth 906 ± 319 68 ± 29 

Gutteridge, 
2003 

Postmenopausal 
osteoporosis 

81 70 ± 7 
(53 - 79) 

Perth 688 ± 406 
889 ± 414 

73 ± 37 
68 ± 32 

Nguyen, 2000 Community sample F = 1075  
M = 690 

69 ± 7 Dubbo NSW M: 636 ± 338 
F: 642 ± 353 

Not reported 

Pasco, 2000 Community sample 
of women 

176 
227 
203 
145 
121 
113 
60 

20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
80+ 

Geelong VIC 645 (32-1705) 
632 (46-1937) 
600 (17-1673) 
593 (46-1978) 
672 (93-1856) 

672 (102-2072) 
632 (123-1672) 

Not reported 

Pasco, 2001 Community sample 
of women 

861 20-92 Geelong VIC 680 Summer 81 
Winter 59 

McGrath, 2001 Either normal or  F =192 42 ± 13 Queensland Not reported 69 ± 26 
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with psychosis M= 201 (17-65) (12 – 175) 
Lips, 2001 Post menopausal 

women with 
osteoporosis 

Women 
N=7564 

31-80 Multiple cities in 
Australia and 
Christchurch 

Not reported Aust: 83 ± 32 
NZ: 65 ± 29 

Horwath, 1991 Community men 
and women 

F = 906 
 
 
 
 
 

M = 796 

15 – 18 
19 – 24 
25 – 44 
45 – 64 

65+ 
 

15 – 18 
19 – 24 
25 – 44 
45 – 64 

65+ 

New Zealand 607 (172-1452)* 
736 (260-1401) 
642 (294-1329) 
554 (230-1189) 
474 (256-837) 

 
1059 (359-2449) 
727 (312-1558) 
816 (351-1656) 
631 (289-1141) 
599 (217-1239) 

Not reported 

Horwath, 2001 Community men 
and women 

F = 2709 
 
 
 
 
 

M = 1927 

15 – 18 
19 – 24 
25 – 44 
45 – 64 

65+ 
 

15 – 18 
19 – 24 
25 – 44 
45 – 64 

65+ 

New Zealand 740** 
713 
714 
676 
636 

 
894 
875 
908 
809 
751 

Not reported 

Reid, 2000 Normal >5 years 
postmenopausal 

185 63 ± 6 
 

Auckland 1040 ± 490  57 ± 25 
 

Parnell, 2003 School children M+F=3275 5-14 New Zealand 736 (481-1092)* Not reported 
Lucas, 2005 Normal, >5 years 

postmenopausal 
1606 74 ± 4 

(54 - 85) 
Auckland 855± 384 

(71 - 3200) 
51 ± 19 

(10 - 145) 
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Figures derived 
using the FSANZ 
dietary modelling 

computer program, 
DIAMOND, and 

data from the 1995 
Australian and 

1997 New Zealand 
National Nutrition 

Surveys 

Australians  
 

13858 2+ Australia 840 (318-1470)*** Not reported 

 
Data are mean ± SD, unless indicated otherwise. Where available, ranges are given in brackets 
25(OH)D = 25-hydroxyvitamin D. Values can be converted to µg/L by dividing by 2.5 
*Median (10th-90th centiles) 
** Median 
*** Mean (10th-90th percentile) 
 


