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Rationale and objectives 

Both general practitioners and their patients often 

overlook bone health and, as a result, osteoporosis is often 

not diagnosed until fragility fractures occur. There is also 

a lack of an accepted strategy for osteoporosis prevention 

in Australia. Currently, treatment of individuals is based 

on either bone mineral density (BMD; see Box of 

acronyms) measurement and/or a prior fracture. However, 

more than 50% of women and 70% of men who sustain 

fragility fractures do not have BMD in the osteoporosis 

range (T score <  2.5).1 This represents a “prevention 

paradox”, which is the basis for developing this 

population-based prevention strategy throughout the life 

cycle, Building healthy bones throughout life. 

For many individuals, taking simple preventive actions 

throughout life will enable them to continue to enjoy the 

active and independent lifestyle that is associated with 

bone health. The aim of the 2011 Osteoporosis Australia 

Summit, Building healthy bones throughout life, was to 

develop clear, succinct, evidence-informed 

Building healthy bones throughout life:  
an evidence-informed strategy to prevent 
osteoporosis in Australia 

A white paper resulting from the outcomes of the Osteoporosis Australia Summit,  

20 October 2011 

Acronyms 

Acronym Term 

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

25(OH)D 25-hydroxyvitamin D 

AI adequate intake 

ANZBMS Australian and New Zealand Bone and 

Mineral Society 

ANZSGM Australian and New Zealand Society for 

Geriatric Medicine 

BMC bone mineral content 

BMD bone mineral density  

BMI body mass index 

CI confidence interval 

DEQAS UK Vitamin D External Quality 
Assessment Scheme 

DRI dietary reference intake 

DXA dual energy x-ray absorptiometry 

EAR estimated average requirement  

ESA Endocrine Society of Australia 

HPLC high-performance liquid chromatography 

HSA hip structural analysis  

IOM US Institute of Medicine 

LC-MS/MS liquid chromatography–tandem mass 

spectrometry  

MI myocardial infarction (heart attack) 

MRI magnetic resonance imaging 

NHMRC National Health and Medical Research 

Council  

NRV nutrient reference value 

OA Osteoporosis Australia  

PBS Pharmaceutical Benefits Scheme  

pQCT peripheral quantitative computed 
tomography  

PTH parathyroid hormone 

PTHrP parathyroid hormone-related protein 

QCT quantitative computed tomography 

RACF residential aged care facility  

RCT randomised controlled trial 

RDA recommended dietary allowance  

RDI recommended dietary intake 

SRM standard reference material 

UL upper level of intake (Australia) or 

tolerable upper intake level (US) 

vBMD volumetric bone mineral density 
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recommendations about calcium, vitamin D and exercise 

requirements for building healthy bones in children and 

adolescents, healthy adults and older adults. 

The 2011 Summit brought together a multidisciplinary 

group of about 120 experts, including bone specialists, 

GPs, researchers, nutritionists, research nurses, 

physiotherapists, exercise specialists, consumer 

representatives, peak bodies, and state and federal 

government policymakers. This event provided an 

important opportunity to review the latest data and debate 

the current issues relating to bone health and the 

prevention of osteoporosis, which affects 1.2 million 

Australians.  

We invited experts in particular fields to contribute 

short articles that were incorporated into a draft white 

paper. The draft white paper was available for public 

comment until 30 September 2011. The revised and 

penultimate draft paper was put forward for further 

discussion and consensus at the 2011 Summit, and this 

current paper is the final result.  

Osteoporosis Australia will ensure the outcomes of the 

2011 Summit and this associated Building healthy bones 

throughout life paper are widely disseminated to 

consumers and medical and health care professionals. 

Overview 

Building healthy bones throughout life provides the 

evidence for three affordable and important ways of 

reducing the enormous personal and economic costs of 

osteoporosis — a major cause of pain, disability and 

premature death affecting both women and men. The three 

interventions are ensuring people have (1) an adequate 

calcium intake, (2) an adequate serum level of vitamin D, 

and (3) appropriate physical activity throughout their 

lives. 

International and national research leaders in bone 

health prepared this paper. They reviewed the science and 

formulated evidence-informed recommendations, which 

have also been reviewed by relevant stakeholder groups 

and the public. Building healthy bones throughout life 

does not resile from the recent debates about whether 

calcium supplements increase the risk of cardiovascular 

events and uncertainty about the optimal levels of serum 

vitamin D for bone health. The recommendations in this 

paper balance the risks — if they truly exist — with the 

benefits of preventing and slowing the onset of 

osteoporosis. 

The relative importance of these three interventions and 

the need for supplementation changes throughout life; 

therefore the recommendations in this paper on the roles 

of calcium, vitamin D and weight-bearing exercise on 

bone health are separated into categories for children, 

adults, and older adults, as well as individuals with 

osteoporosis. The core message is that adequate dietary 

calcium intake and optimal vitamin D level, together with 

regular weight-bearing exercise and moderate sunlight 

exposure are important at all stages of life in healthy 

individuals. 

The implementation of this paper’s recommendations is 

likely to significantly reduce the direct and indirect costs 

of osteoporosis, which currently affects 1.2 million 

Australians, not to mention the 6.3 million people in this 

country with low bone density (osteopenia).2 Addressing 

the calcium, vitamin D and physical activity levels 

required for bone health will require the close 

collaboration and engagement of health services, 

governments, insurers, clinicians and consumers in a 

range of innovative strategies.  

Executive summary 

Osteoporosis currently affects 1.2 million Australians, 

most of whom don’t know they have the disease.2 Without 

intervention, this number is expected to increase to 

3 million by 2021 as a result of population ageing.3 In 

addition, there are now 6.3 million Australians with thin 

bones (osteopenia).2 

Risk factors 

Some factors that increase the risk of osteoporosis cannot 

be changed; these non-modifiable factors include being 

female (women develop thin bones sooner than men), 

menopause, age, certain medical conditions, and a genetic 

predisposition. However, there are a number of readily 

modifiable risk factors that can be changed to reduce the 

risk of osteoporosis. These include:  

 lack of weight-bearing exercise 

 poor calcium intake 

 vitamin D deficiency (serum 25-hydroxyvitamin D 

[25(OH)D] level < 50 nmol/L, measured in late 

winter/early spring) 

 low or high body weight 

 cigarette smoking 

 excessive alcohol use 

 long-term use of corticosteroids. 

It is known that if we are able to reduce the burden of 

fractures caused by osteoporosis by around 20%, it would 

significantly reduce both the direct costs of health care 

and the indirect costs to families and the economy. Even if 

just calcium intake and vitamin D levels were addressed, 

the direct costs of osteoporosis in Australia could be 

lowered by up to $432 million per year.3 

Calcium 

The median dietary intake of calcium in the last 

Australian National Nutrition Survey was 827 mg per day 

for men and 663 mg per day for women;4 this indicates 

that men’s calcium intake was close to the estimated 

average requirement (EAR) of 840 mg per day, but 

women were falling well short of the EAR. 

Most systematic reviews of the scientific evidence favour 

supplementation of calcium plus vitamin D to reduce 

fracture risk, with an overall benefit of 10%–20% compared 

with placebo, while even greater reductions in fracture risk 

( 30%) have been observed in the elderly and the 

institutionalised. The combination of vitamin D with 

calcium has also been shown to reduce mortality by 7%. 

Calcium needs in children 

The aim with calcium intake in children and adolescents 

is to optimise their peak bone mass (their “bone in the 

bank”). During infancy, calcium provided by breast milk 

is assumed to be adequate and is the basis for most 

recommended intakes in the first few months of life. 

However, findings from the 2007 Australian National 

Children’s Nutrition and Physical Activity Survey5 

indicated that girls aged 12–16 years and boys aged 14–

16 years appeared to be most at risk of not meeting their 

daily calcium dietary requirements (82%–89% of girls did 

not meet the EAR of 1050 mg/day; 44% of boys did not 
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meet the EAR). It was suggested that this is likely due to 

a substantial decline in milk intake in childhood and its 

replacement with carbonated beverages. 

Systematic reviews of randomised controlled trials 

(RCTs) of calcium supplements in children6 suggest that 

increasing calcium intake from an average 700 mg per day 

to 1200 mg per day has limited benefits for bone mass. 

The evidence therefore does not support the use of 

calcium supplements in healthy children with the possible 

exception of those with very low intakes (< 700 mg per 

day). Even so, calcium intakes in Australian children are 

often inadequate, so there is still a challenge to ensure 

healthy nutrition and good levels of weight-bearing 

physical activity to build peak bone mass. 

Calcium needs in healthy adults 

There are only limited studies into the role of calcium 

intake in maintaining bone mass or fracture prevention in 

young and middle-aged adults. 

An adequate calcium intake achieved through diet 

continues to be the best choice in those who can include 

an adequate intake of dairy products. In practice, this 

translates to 3–4 servings of calcium-containing foods 

each day. To achieve the recommended intakes of 1000–

1300 mg per day, most adults would routinely need to also 

include at least one serving of a calcium-fortified food. 

There is no evidence that individuals consuming 

calcium at levels significantly higher than the allowance 

receive any additional skeletal benefit.7,8 

Calcium needs in postmenopausal women and the 

elderly 

There is evidence that the calcium needs in this group are 

greater and nutrition can also be more precarious, which 

means supplementation is a key strategy to ensure 

adequate calcium (and vitamin D) levels. Systematic 

reviews of RCTs aimed at preventing fractures show 

calcium can help prevent osteoporosis and fragility 

fractures.9,10,11 Nevertheless, there is significant variation 

in the results12,13,14,15 because of differences in dosage, 

baseline nutrient status, and the co-administration of 

vitamin D, as well as poor adherence to the supplements. 

The frail elderly have the highest rates of fracture and 

those in residential care typically have vitamin D 

deficiency and an inadequate calcium intake, which 

means that these people have the greatest potential to 

benefit from increased intake of calcium alone or calcium 

plus vitamin D. The evidence is mixed but, on balance, 

shows that calcium supplementation prevents fractures in 

the frail elderly, particularly in women in residential 

care.11 

There have been well designed, randomised trials of 

calcium supplementation that have reported no significant 

effect on fracture prevention using intention-to-treat 

analysis.11,13,15,16 However, this has been explained by 

high rates of poor adherence to the supplements (55%–

60%) and when some analyses have been performed 

keeping faith with the original intent of the trials (“per 

protocol” analysis), benefit has been shown.14,17 

Recent re-analyses of adverse events from some trials 

have suggested the use of calcium supplements may be 

associated with an increased risk of cardiovascular 

events.18 These claims of increased heart attack (or 

myocardial infarction [MI]) risk have generated 

considerable scientific debate and a re-evaluation of the 

risk–benefit analysis of calcium supplementation. The 

conclusion of this Building healthy bones throughout life 

paper is that, as none of the trials re-analysed were 

primarily designed to investigate cardiovascular 

outcomes,19 on balance, current evidence does 

demonstrate a small increase in risk of MI with calcium 

supplements. Using Women’s Health Initiative data, based 

on the worst-case scenario, treatment of 1000 people with 

calcium or calcium and vitamin D for 5 years would cause 

an additional six MIs or strokes and prevent three 

fractures.20 However, mortality is not increased and, in 

fact, the combination of vitamin D with calcium 

supplements has been found to reduce mortality in the 

elderly by 7%.21 

A cohort study also shows that self-reported calcium 

supplement use was associated with a 9% reduction in 

mortality in older women.22 If calcium and vitamin D are 

taken more than 80% of the time, the prevalence of 

fractures has been found to decrease by 24% in older men 

and women.11 

Calcium or calcium–vitamin D supplements may be 

beneficial for general health as well as reducing fracture 

risk in people who may not be getting enough calcium 

through their diet.21 Nevertheless, dietary calcium is the 

preferred source of calcium, and calcium supplements 

should be limited to 500–600 mg per day. 

Vitamin D 

Vitamin D adequacy is important for bone and muscle 

function. Vitamin D deficiency is common in Australia. 

The findings from a national population-based sample of 

11 218 Australian adults aged 25–95 years showed that 

31% of the population had a serum 25(OH)D level 

< 50 nmol/L, and that the prevalence of deficiency 

increased with age, and was greater in women compared 

with men, in those of non-European ancestry, and in those 

living in the southern states of Australia, particularly 

during winter.23 For instance, in people residing in 

southern Australia (latitude > 35°S), 42% of women and 

27% of men had 25(OH)D levels < 50 nmol/L during 

summer and autumn, which increased to 58% of women 

and 35% of men during winter and spring.23 These 

findings are consistent with an earlier study, which 

combined results from mostly normal populations in 

south-east Queensland, Victoria and Tasmania, and 

reported vitamin D insufficiency (defined as < 50 nmol/L) 

during winter and spring in 40% of women in Queensland, 

37% of women in Victoria and 67% in Tasmania.24 

Similarly, the most recent population-based study of 3653 

rural and urban Victorians sampled from May 2009 to 

April 2010 showed 44.1% of both rural and urban-

dwelling Victorians had a serum 25(OH)D level 

< 50 nmol/L.25 

Older people, particularly those living in residential 

aged care facilities, are at high risk of vitamin D 

deficiency.26,27,28 Others at greatly increased risk of 

vitamin D deficiency include: people with dark 

skin;29,30,31 those who wear modest dress, which covers 

most of their bodies;29,30,32 people at high risk of skin 

cancer either because of past history or due to 

immunosuppression;33,34,35 people with intestinal 

malabsorption of key nutrients;36 people less likely to 

spend time in the sun, including those with chronic 

diseases, transplant recipients, people taking antiepileptic 

medications,37,38 office workers and shift workers.35 

Sunscreen use in the general population is not 
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associated with low vitamin D levels, despite sunscreen’s 

theoretical capacity to block most UVB.32,35,39 

Inadequate application combined with higher sun 

exposure in people who use sunscreen probably explains 

the discrepancy. 

Vitamin D needs in pregnancy and childhood 

Recent Australian research has confirmed the high 

prevalence of low vitamin D levels in pregnant women,40 

and the potential adverse effects on fetal bone health and 

other pregnancy outcomes. As such, it is reasonable to 

check vitamin D status in all pregnant women and 

supplement to achieve maternal levels > 50 nmol/L,41 

although the question of whether empirical 

supplementation without testing would be cost-effective 

remains unanswered. 

Vitamin D is important for bone health and muscle 

function throughout childhood and adolescence. Adequate 

vitamin D status is required to prevent rickets and to 

promote normal bone growth and mineralisation as peak 

bone mass is acquired. Based on available evidence, the 

recommended blood level of 25(OH)D for infants, 

children and adolescents for optimal bone health remains 

at > 50 nmol/L year round.  

Vitamin D needs in healthy adults, older adults and 

individuals with osteoporosis 

Both the recent position statement on vitamin D and 

health in adults from the Australian and New Zealand 

Bone and Mineral Society (ANZBMS), the Endocrine 

Society of Australia (ESA) and Osteoporosis Australia 

(OA)42 and the recent US Institute of Medicine (IOM) 

report on dietary reference intakes for calcium and 

vitamin D concluded that inadequate vitamin D status is 

defined as a 25(OH)D level < 50 nmol/L at the end of 

winter.43 Levels of 25(OH)D may need to be 10–

20 nmol/L higher at the end of summer to allow for 

seasonal variation. The IOM report used a 25(OH)D level 

of 50 nmol/L to determine the recommended dietary 

allowance for vitamin D.43 Systematic reviews of trials of 

vitamin D supplementation to prevent falls and fractures 

have found serum 25(OH)D thresholds should be 

60 nmol/L and 75 nmol/L, respectively.44,45 A recent 

Endocrine Society clinical practice guideline recommends 

that adults aged 50–70 years and those over 70 years 

require at least 600 IU and 800 IU (15 g and 20 g) of 

vitamin D3 per day, respectively, to maximise bone health 

and muscle function.46 However, to raise the serum level 

of 25(OH)D > 75 nmol/L, as both the Endocrine Society 

and the International Osteoporosis Foundation47 

recommend, may require at least 1500–2000 IU (37.5–

50 g) per day of supplemental vitamin D, while for 

severe deficiency, doses  10 000 IU (250 g) per day 

have proven to be safe.46  

Other nutritional influences 

There is considerable evidence of the positive influence 

that dietary patterns adequate in calcium, phosphorus and 

vitamin D have on bone health.48 However, less consistent 

evidence exists on the role of other vitamins and 

micronutrients. A large-scale study from the US showed 

dietary patterns that included high intakes of vegetables 

and fruit were associated with significantly higher bone 

mineral density (BMD) than those with other dietary 

patterns.49 Therefore, it seems prudent to encourage a 

variety of foods, particularly fruits and vegetables, to 

ensure adequate intakes of key nutrients to maintain bone 

health. 

Exercise 

Regular physical activity and exercise is recognised as 

one of the most effective lifestyle strategies to maximise 

peak bone mass during growth and prevent bone loss 

during ageing. However, the bone-building (osteogenic) 

benefits of exercise are dependent on stage of life and the 

relative risk of fracture. Childhood and adolescence may 

represent the optimal window of opportunity in which 

exercise can improve bone strength and protect against 

osteoporosis and fragility fractures in old age, particularly 

when these early benefits can be maintained by adopting 

appropriate measures in later life. A 10% higher peak 

bone mass can delay the development of osteoporosis by 

13 years and reduce the risk of fracture by 50%.50,51 

Exercise programs that combine high-impact activity 

with high-intensity resistance training appear most 

effective in augmenting BMD in premenopausal women. 

High-impact-alone protocols (such as jumping) are 

effective only on hip BMD in this group.52 Further RCTs 

of resistance training in premenopausal women of 

sufficiently long duration to provide optimum resistance-

training type, intensity and volume of loading are 

needed.53 

In frail and very elderly adults, resistance training and 

balance exercises in combination reduce falls and risk 

factors for frailty, including sarcopenia, poor balance, gait 

instability, depression, fear of falling and cognitive 

impairment. 

Multimodal exercise — including weight-bearing/high-

impact/high-intensity resistance exercise — may 

significantly reduce overall fracture risk.54 By contrast, 

single-modality exercise of any type does not appear to 

reduce fracture risk,54 with the possible exception of 

spinal-extensor muscle resistance training, which reduces 

thoracic vertebral fracture incidence.54,55 

Antiresorptive and anabolic agents 

In individuals at high risk of fracture, especially those 

who have already had previous fractures, specific anti-

osteoporosis therapy reduces vertebral fracture risk by 

40%–70% and non-vertebral fractures by about 

25%.56,57,58,59,60,61,62,63,64,65,66 The various anti-

osteoporosis treatments have been separately evaluated in 

placebo-controlled RCTs with fracture end points; 

however, a corresponding head-to-head comparison has 

not been conducted. In Australia, these treatments are 

covered by the Pharmaceutical Benefits Scheme (PBS) for 

men and women after fragility fracture as well as for 

those at high risk, without prior fracture, on the basis of 

age ( 70 years) and low BMD T score (  2.5 or 

 3.0).67 

Recently, it has been suggested that a temporary 

cessation of treatment (“drug holiday”) can be offered to 

patients after 3–5 years of treatment with antiresorptive 

therapy. Currently, there is no evidence to support a drug 

holiday in individuals with continuing osteoporosis (T 

score   2.5 at femoral neck).68 If a drug holiday is 

considered appropriate, a plan must also be put in place to 

review the patient regularly. It seems prudent to reinstate 

therapy if there is any further bone density decline, which 

is usually preceded by an increase in bone turnover 

marker levels.  
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Bone density testing 

The current ideal test to assess fracture risk is the dual 

energy x-ray absorptiometry (DXA) to measure lumbar 

spine and proximal femoral BMD in all high-risk 

individuals.69 In addition, the use of DXA to screen 

asymptomatic individuals may be worthwhile at age 65 or 

70 years.70,71 Currently, Australian Medicare funds this 

approach in people over the age of 70. 

Recommendations 

Final recommendations for this paper were developed 

through the process of consultation, review and discussion 

at the Osteoporosis Australia Summit meeting on 20 

October 2011. 

Recommendations  

Bone health is often overlooked as a serious public health 

problem and as a result, osteoporosis is often not 

diagnosed until fragility fractures occur. Based on a large 

population-based study of bone mineral density (BMD) 

measurements in Australian adults, it is estimated that 1.2 

million Australians have osteoporosis and a further 6.3 

million are at risk with osteopenia (low BMD).2 

For many individuals, taking simple osteoporotic 

preventive actions with calcium, vitamin D and exercise 

throughout life will enable them to continue to enjoy an 

active and independent lifestyle that is associated with 

good bone health. The mandate of the 2011 Osteoporosis 

Australia Summit Building healthy bones throughout life 

was to develop clear evidence-informed recommendations 

about calcium, vitamin D and exercise requirements in 

children, healthy adults, and older adults and individuals 

with osteopenia and osteoporosis. The recommendations 

that follow describe calcium, vitamin D and exercise 

needs relevant to all stages of life, and also highlight 

specific needs during childhood, midlife and old age. 

Recommendations for all stages of life 

Calcium 

1 Eat sufficient and nutritious foods for growth and 

development. 

a Daily dietary calcium intakes should be consistent 

with the Australian and New Zealand guidelines for 

an adequate calcium intake.4  

b It is agreed that a diet low in calcium increases the 

risk of bone loss and fracture. The Australian and 

New Zealand guidelines for an adequate calcium 

intake are shown in Box 1.  

c Calcium needs are increased during the adolescent 

growth spurt. 

d Practically, people should aim to include 3–5 serves 

of calcium-rich foods daily (eg, dairy or calcium-

fortified foods), as the preferred means of achieving 

an adequate calcium intake. Box 2 provides the 

calcium content of key foods.  

e Individuals who dislike or are intolerant of dairy 

products and wish to achieve their required calcium 

intake from diet will need to have more serves of 

other high-calcium-containing foods (eg, specific 

vegetables, fish, nuts) or calcium-fortified foods (eg, 

soy milk). 

f For people with inadequate dietary calcium intake 

(below the estimated average requirement 

[EAR]/recommended dietary intake [RDI]), calcium 

supplements are recommended and are as effective as 

dietary sources. Under these circumstances, calcium 

supplementation with 500–600 mg per day is 

indicated. 

2 Achieve and maintain a healthy body weight to maintain 

muscle mass, particularly guarding against underweight 

and overweight. 

a In population studies, fracture risk is increased in 

females with low BMI and body fat, especially if 

body weight is sufficiently low to impair sex 

hormone production. 

b Population studies also show that obesity is not 

protective against fractures in some individuals.72,73 

c Sarcopenia is associated with low BMD and an 

increased risk of fracture.74,75,76,77 

Vitamin D 

3 Ensure adequate vitamin D levels. 

a Sun exposure is the primary source of vitamin D. 

Encourage regular and safe sunlight exposure 

(avoiding burning), in accordance with current 

Australian and New Zealand Bone and Mineral 

Society (ANZBMS), Endocrine Society of Australia 

(ESA) and Osteoporosis Australia (OA) 

recommendations.42 However, there is a need for 

2 Calcium content of key foods  

Foods 

Calcium content  

(mg per standard serve) 

Milk, cheese and yoghurt 300–400 

Tinned salmon and sardines 220–400 

Calcium-set tofu 150 

Nuts and tahini 65–110 

Selected green vegetables 18–43 

Source: adapted from the Food Standards Australia New 

Zealand database, with cross reference to FoodWorks 7 and 

CalorieKing Australia.    

 

1 Australian and New Zealand guidelines for 
recommended dietary intake (RDI) of calcium 

 Age (years) RDI (mg/day) 

Children 1–3 500 

 4–8 700 

Girls 9–11 1000 

 12–13 1300 

 14–18 1300 

Women 19–50 1000 

 51+ 1300 

Pregnancy 14–18 1300 

 19–50 1000 

Boys 9–11 1000 

 12–13 1300 

 14–18 1300 

Men 19–70 1000 

 71+ 1300 

Source: National Health and Medical Research Council .

 



Building healthy bones throughout life 

6 MJA Open 2 Suppl 1 ∙ 4 February 2013 

more research in this area. Box 3 provides guidance 

on recommended sun exposure from the vitamin D 

position statement supported by the ANZBMS, the 

ESA and OA.42 

b Maintaining adequate vitamin D is critical for 

calcium absorption and is also important for optimal 

bone health and muscle function.  

c There is general agreement that serum levels of 25-

hydroxyvitamin D (25[OH]D) in the general 

population should be above 50 nmol/L at the end of 

winter or in early spring for optimal bone health. 

d Most adults will not receive more than 5%–10% of 

their vitamin D requirements from dietary sources. In 

healthy adults, the main contributor to circulating 

vitamin D levels is vitamin D produced in the skin in 

response to sunlight exposure. 

e Current evidence does not support a case for food 

fortification with vitamin D. More evidence on 

whether there is widespread vitamin D deficiency is 

required before such a case can be supported. 

f If sun exposure is limited or there are other risk 

factors for vitamin D deficiency (dark skin, clothing 

covering the skin, conditions affecting vitamin D 

metabolism, breastfed babies with other risk factors), 

it is important to measure the serum 25(OH)D level 

and take vitamin D supplements in doses that will 

maintain serum 25(OH)D levels over 50 nmol/L year 

round. 

g For people who do not get adequate exposure to 

sunlight, vitamin D supplements provide a means of 

increasing vitamin D intake. To treat moderate to 

severe deficiency, it would be reasonable to use 

3000–5000 IU (75–125 g) of vitamin D 

supplements per day for at least 6–12 weeks, with 

most patients requiring ongoing treatment at a 

maintenance dose of around 1000–2000 IU (25–

50 g) per day. Higher doses of 2000–4000 IU (50–

100 g) per day may be required in some individuals 

(eg, if obese). 

Exercise 

4 Undertake regular weight-bearing physical activity, 

muscle-strengthening exercises and challenging 

balance/mobility activities in a safe environment and 

promote a healthy lifestyle. 

a Encourage regular participation in a variety of 

weight-bearing activities, including dynamic impact-

loading sports (eg, basketball, netball, hockey, 

football, soccer), school-based physical education 

classes and regular outside play, for at least 30 

minutes 3–5 days per week. 

b For healthy individuals (without osteoporosis) with 

few risk factors for fracture, the key focus of 

exercise and physical activity is to improve or 

maintain bone density, muscle mass, strength and 

functional capacity (balance, gait). A combination of 

weight-bearing and resistance training is 

recommended. 

c Some examples of the impact of particular exercises 

on bone health are shown in Box 4.  

5 For individuals with osteoporosis and/or at increased 

risk of falling, challenging balance and mobility 

exercises are recommended. 

6 Exercise offers greater skeletal benefits when 

undertaken with a diet containing an adequate intake of 

calcium (equivalent to the EAR/RDI). 

7 Avoid prolonged periods of sedentary behaviours 

(sitting), due to detrimental effects on bone and 

cardiovascular health. 

Other 

8 Encourage health promotion models to reduce uptake of 

smoking, dieting behaviours and alcohol use. 

a If alcohol is consumed, it should be consumed in 

moderation — up to one standard drink per day for 

women and two standard drinks per day for men. 

b Excessive alcohol intake is a cause of fracture, 

because of an increased propensity to fall. 

c Excessive alcohol also impairs bone formation. 

d Do not smoke. Smoking is associated with a 

reduction in bone structure and strength. 

9 Maintain normal sex hormone levels for the stage of 

life, and correct levels as appropriate in premenopausal 

women and men. 

10 Test for bone health. 

a Population-based vitamin D testing using a blood 

sample is not recommended. 

b Vitamin D testing is not recommended in otherwise 

healthy individuals who do not have risk factors or 

disorders predisposing to osteoporosis and minimal 

trauma fracture. 

c If sunlight exposure is very low or there are other risk 

factors for vitamin D deficiency (dark skin, absence 

of skin exposure), testing may be recommended. If 

vitamin D testing is recommended, it should be done 

at the end of winter or in early spring. 

3 Recommended sun exposure requirements to 

meet adequate vitamin D levels42 

 Summer Winter 

For people with moderately fair skin 

How long? 6–7 minutes, 
most days 

7–40 minutes 

(depending on 

latitude), most 
days  

Body area 
exposed? 

Arms exposed As much bare 

skin exposed as 

practical 

When? At 10 am or 2 

pm (standard 

time), 11 am or 

3 pm (daylight 

saving time); 

avoid peak UV 
times 

Midday 

For people with darker skin* 

How long? 18–42 minutes 
most days 

21 minutes to 4 

hours (depending 

on latitude) 

Body area 

exposed? 

Arms exposed As much bare 

skin exposed as 
practical 

When? At 10 am or 2 

pm (standard 

time), 11 am or 

3 pm (daylight 

saving time); 

avoid peak UV 
times 

Midday 

UV = ultraviolet. * Sun exposure requirements for people with 

dark skin are likely to be three to six times longer than for 

people with moderately fair skin.  
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d Consider bone density testing, using dual energy x-

ray absorptiometry, in the presence of risk factors or 

at age  70 years in the absence of risk factors. 

Recommendations for building healthy bones in 

children 

In addition to the above general recommendations, these 

recommendations are designed to provide advice to 

parents and carers relating to steps they can take to 

promote healthy bone growth in children. They are also 

intended to provide public health recommendations during 

pregnancy and lactation, childhood, and the teenage years. 

Peak bone mass is acquired during late adolescence and 

early adulthood and sets the stage for vulnerability to 

fracture and other bone disorders later in life. The 2 years 

around puberty is a particularly important period to 

maintain adequate calcium and engage in weight-bearing 

exercise, as about 40% of adult peak bone mass is 

acquired during this period.78 

1 Ensure adequate calcium intake. 

a Encourage and support breast feeding. Breast milk is 

an important source of calcium. Infants should be 

exclusively breastfed to 6 months of age and 

continue to be breastfed, with complementary foods, 

until 12 months. 

b Reduced-fat milk products are not suitable for 

children under 2 years of age. 

2 Ensure adequate vitamin D. 

a Promote adequate maternal vitamin D status during 

pregnancy. 

b Breastfed babies from women at risk of vitamin D 

deficiency require supplementation. 

c Children with chronic illness or disability warrant 

special consideration of their vitamin D status and 

bone health. 

3 Engage in regular weight-bearing activity and promote a 

healthy lifestyle. 

a Encourage schools to incorporate a diverse and 

enjoyable battery of weight-bearing activities and 

sports into their school physical education programs. 

This could include participation in short periods (5–

10 minutes) of daily, targeted, multidirectional, 

moderate- to high-impact activities, such as jumping, 

skipping and hopping. 

Building healthy bones in healthy adults 

These recommendations are designed to augment the 

general recommendations and provide specific advice to 

healthy adult individuals relating to steps they can take 

themselves to reduce the risk of fracture in the future. 

They also include public health recommendations for the 

prevention of fracture in adults who have achieved peak 

bone mass and are at low risk of fracture. Because 

fracture risk increases with age, these recommendations 

are particularly important for individuals who wish to 

maintain their bone strength into old age, and especially 

for postmenopausal women and older individuals to 

maintain their bone strength. 

The needs of adults with specific disorders affecting the 

skeleton (eg, osteoporosis, coeliac disease) are not 

addressed in these recommendations; these individuals 

should seek specific medical advice appropriate to the 

condition. 

1 Ensure adequate vitamin D levels (see Recommendation 

3 for all stages of life). 

2 Be habitually physically active and undertake regular 

weight-bearing and/or muscle-strengthening exercises. 

a Encourage regular participation in moderate-impact 

weight-bearing physical activity, high-impact 

training (eg, 50–100 jumps) or related impact-

loading sports for at least 30 minutes 3–5 days per 

week. 

b Include muscle-strengthening exercises on at least 

2 days per week. For maximum benefits, the program 

should be high intensity (60%–80% of peak 

capacity), become progressively more challenging 

over time, and target the major muscles around the 

hip and spine. 

c Where possible, encourage participation in a 

multimodal exercise regimen (including weight-

bearing/high-impact/high-intensity resistance 

exercise) at least three times per week. 

Building healthy bones in older adults and individuals 

with osteopenia and osteoporosis 

These recommendations are designed to supplement the 

general recommendations and provide specific advice to 

individuals relating to steps they can take themselves to 

reduce fracture risk, and to provide them with information 

on how best to access appropriate health advice. They are 

public health recommendations for the prevention of 

fracture in adults > 50 years of age who are at higher risk 

of fracture, defined as having a 5-year absolute risk of 

fracture over 5%. 

Adults with specific disorders (such as coeliac disease 

or conditions for which they take oral corticosteroids) that 

may be responsible for their low bone density should also 

seek specific medical advice appropriate to the condition. 

Adults with a 5-year absolute risk of fracture over 10% 

should also seek specific advice on the management of 

osteoporosis, if present, which is well covered in the 

Royal Australian College of General Practitioners’ 

Clinical guideline for the prevention and treatment of 

osteoporosis in postmenopausal women and older men.79  

4 The impact of selected exercises on bone health 

Highly osteogenic Moderately osteogenic Low osteogenic* Non-osteogenic* 

Basketball/netball Running/jogging Leisure walking Swimming 

Impact aerobics Brisk or hill walking Lawn bowls Cycling 

Dancing/gymnastics Resistance training Yoga/Pilates/tai chi  

Tennis Stair climbing   

Jump rope    

* While certain exercises may have low or no osteogenic benefits, this should not be construed to imply  that these exercises do not 

offer a wide range of other health benefits. 
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1 Dietary calcium intakes should be consistent with the 

Australian and New Zealand guidelines for an adequate 

calcium intake.4  

a Calcium intake by diet is strongly recommended, but 

calcium supplements at doses of 500–600 mg per day 

may be required in some individuals when calcium 

from dietary sources is not possible. 

b Current concerns over the potential for an increased 

risk of myocardial infarction with calcium 

supplements are still being debated but should not 

alter acceptance of the recommendation. Mortality 

has not been increased in any study of calcium 

supplements.  

2 Vitamin D plays an important role in bone health. 

a In addition to the general recommendations made in 

Recommendation 10 for all stages of life, vitamin D 

level should be established by measuring vitamin D 

levels in the blood in the following situations:  

 osteoporosis when diagnosed by bone density 

testing; 

 after falling; 

 following a minimal trauma fracture. 

b If 25(OH)D levels are below the desirable level, the 

following doses are recommended: 

 supplementation with vitamin D capsules or tablets 

is recommended in doses of 1000–2000 IU (25–

50 g) per day; 

 higher dose intermittent therapy, eg, 50 000 IU 

(1250 g) per month, is an alternative, although 

more data on the safety of monthly dosing are 

required. 

c The desired outcome of vitamin D supplementation 

is:  

 a reduced risk of fractures if serum 25(OH)D 

levels are above 75 nmol/L; 

 a reduced risk of falls if serum concentrations are 

above 60 nmol/L; 

 individuals with serum 25(OH)D levels above 

50 nmol/L at the end of winter or in early spring 

are likely to have levels of 60–75 nmol/L for much 

of the remainder of the year. 

3 For older adults, the elderly and those with or at risk of 

osteoporosis, falls and fracture, the key focus of 

exercise should be to not just slow bone loss, but to 

increase or maintain muscle mass and muscle strength, 

and to improve muscle function, gait and mobility to 

reduce the risk of falls and fractures. 

a Encourage participation in a multimodal and 

supervised exercise program that includes weight-

bearing activities, progressive resistance training and 

high challenging balance and functional activities at 

least three times per week. 

b It is important that muscle groups connected to bones 

of relevance to osteoporotic fracture be emphasised 

in such programs (eg, spinal extensor muscles, hip 

abductors, hip extensors, knee extensors/flexors) and 

those related to gait and balance (ankle plantar 

flexors and dorsiflexors, inverters and everters, hip 

abductors). 

c Regular leisure-time walking should be encouraged 

for its benefits on weight control and cardiovascular 

health. For skeletal health benefits, it is 

recommended that individuals progress to brisk or 

hill walking and then to other forms of moderate-

impact weight-bearing exercises. 

d Elderly people with osteoporosis and a history of 

fracture should avoid exercises or activities that 

involve forward flexion of the spine, particularly 

while carrying weights. 

e Maintain safe environments to avoid falls and 

encourage falls education. Elderly individuals should 

consider and address risk factors for falls (vision 

problems, use of sedatives, postural hypotension, 

environmental hazards). 

Overview of bone health in Australia 

Potential economic impact if bone health is not 

effectively addressed 

Burden of disease — osteoporosis in Australia 

Osteoporosis and osteopenia affect 1.2 million and 6.3 

million Australians, respectively.2 Without preventive 

intervention, the number of osteoporosis sufferers is 

expected to increase to 3 million by 2021 as the 

population ages.3 For people over the age of 60 years, one 

in two postmenopausal women and one in three older men 

will suffer an osteoporosis-related fracture.3 Mortality is 

increased after all fragility fractures, particularly hip 

fractures.80 Over one in four people who suffer a hip 

fracture will die during the first year and less than one-

third will regain their prefracture level of mobility.81 

Thus, the risk of mortality among women with a hip 

fracture is similar to or higher than that in women with 

breast cancer.81 Based on the 2001 Access Economics 

report commissioned by Osteoporosis Australia, the total 

direct care cost of osteoporosis is estimated to be over 

$1.9 billion per year in Australia, with an additional 

$5.6 billion expended in indirect costs.82 

Doctor-reported osteoporosis and Indigenous 

Australians 

An estimated 692 000 Australians (3.4% of the total 

population) had doctor-diagnosed cases of osteoporosis in 

2007–08 based on data from the Australian Institute of 

Health and Welfare.83 Women accounted for the majority 

of cases (81.9%).  

Although the disease occurs mainly in people aged 

55 years and over (84.0%), osteoporosis is a condition 

without overt symptoms and is known to be 

underdiagnosed. While the extent of this is difficult to 

establish, the prevalence of doctor-diagnosed osteoporosis 

is almost certainly an underestimate. The diagnosis of 

osteoporosis is more prevalent among those who live in 

major cities than in rural and remote locations, but this 

may relate to lack of access to the diagnostic test, bone 

densitometry, in the latter locations.84  

In 2004–05, 0.74% of Indigenous men and 1.11% of 

Indigenous women reported having doctor-diagnosed 

cases of osteoporosis. The age-standardised prevalence 

rates show that osteoporosis was more common among 

Indigenous men (1.8 times) but less common among 

Indigenous women (0.5 times) than in their non-

Indigenous counterparts.83 Osteoporosis is not more 

common in those born overseas or those from a low 

socioeconomic class.83 

The hip and pelvis (40.5%) and wrist and forearm 

(17.1%) were the most common sites of minimal trauma 

fractures in 2007–08. Interestingly, the age-related rates 

of hospital separations for minimal trauma hip fracture 

decreased between 1998–99 and 2007–08, a trend that is 

consistent with reports from North America and 
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Scandinavia.83 In Australia, the age-related incidence of 

hip fracture decreased by 15% and 8% in women and 

men, respectively, between 1998–99 and 2007–08. 

However, the total number of minimal trauma hip 

fractures rose from 14 671 to 17 192 over the same 

period.83 

Osteoporosis was managed at a rate of 1 in 100 GP–

patient encounters in 2007–08, double the rate seen in 

1998–99. Advice and the prescription and supply of 

medications were the mainstays in these encounters. In 

hospital settings, both surgical procedures and allied 

health services were provided to treat fractures.83 

Osteoporotic fractures, particularly minimal trauma hip 

fractures, can lead to premature deaths among the elderly; 

mortality is increased for at least 5 years even after minor 

minimal trauma fractures.80 

Risk factors 

Some risk factors for osteoporosis are non-modifiable, 

such as female sex, menopause, age, other metabolic 

disorders, and a genetic predisposition to poor skeletal 

health. These are useful markers to identify people at 

increased risk of developing osteoporosis. However, 

several other risk factors for osteoporosis are readily 

modifiable: 

 lack of weight-bearing exercise 

 poor calcium intake 

 vitamin D deficiency (serum 25-hydroxyvitamin D 

[25(OH)D] level < 50 nmol/L, measured in late 

winter/early spring) 

 low or high body weight  

 cigarette smoking 

 excessive alcohol use 

 long-term use of corticosteroids.3 

Cost savings by implementing osteoporosis risk 

mitigation strategies 

Although many risk factors for osteoporosis are 

modifiable, evidence of the skeletal benefits of risk factor 

mitigation is limited, with the exception of adequate 

calcium intake and vitamin D levels and the reduction of 

corticosteroid doses. The evidence for vitamin D reducing 

the risk of non-vertebral and hip fractures is most 

compelling with the use of additional 

calcium.11,44,85,86,87,88,89 In women and men aged 

> 50 years, the combination of vitamin D with calcium, 

but not vitamin D alone, had a modest effect in preventing 

fractures (relative-risk reductions of 13%–24%), 

particularly in those with long-term compliance rates 

 80%.11 According to this study, the daily dose of 

vitamin D and calcium should be at least 800 IU (20 g) 

and 1200 mg, respectively. These values are somewhat 

different to those recommended in the Australian guidance 

for vitamin D when sun exposure is minimal, at 600 IU 

(15 g) per day for those aged  70 years and 800 IU 

(20 g) per day for people aged > 70 years.42 These 

recommendations appear conservative, and those with 

substantial sun avoidance may require higher doses. 

Swedish data show the combination of calcium and 

vitamin D is cost-effective in 70-year-old women at an 

efficacy as low as 67% of that seen in clinical trial data. 

Treatment was also cost-effective in 50–60-year-old 

women with osteoporosis or a family history of maternal 

hip fracture.90 A Markov model using the efficacy rate in 

an important hip fracture prevention trial88,89 and 

prevalence data for osteoporosis in Sweden91 show the 

costs of treating all 70–79-year-old women and 25% of 

women 70 years or older in Sweden with calcium and 

vitamin supplementation would be offset by savings from 

reductions in fracture rates. Another study shows that 

increasing the serum 25-hydroxyvitamin D (25[OH]D) 

level of all Europeans to 80 nmol/L has the potential to 

reduce the total direct economic burden of diseases 

related to vitamin D deficiency by 11.4% or €105 000 

million,92 depending on the effects of vitamin D on 

chronic diseases. 

Summary 

Osteoporosis affects 1.2 million Australians,2 many of 

whom are unaware they have the disease. Without 

preventive intervention, this number is expected to 

increase to 3 million by 2021 as the population ages.3 The 

total direct care cost of osteoporosis is estimated to be 

over $1.9 billion per year in Australia, with an additional 

$5.6 billion expended in indirect costs.82 While many risk 

factors for osteoporosis are modifiable, the evidence of 

the skeletal benefits of risk factor mitigation is limited. 

The best evidence is for adequate calcium intake and 

adequate vitamin D levels. Vitamin D replacement for 

primary fracture prevention is effective in those who have 

inadequate serum levels of 25(OH)D, particularly in 

institutionalised patients, and when combined with 

calcium supplements. Such a strategy of increasing serum 

25(OH)D concentrations > 50–60 nmol/L and ensuring an 

adequate calcium intake is likely to significantly reduce 

fracture rates. There is also emerging evidence that this 

strategy will also be cost-effective, particularly in 

individuals aged > 50 years who are at increased risk of 

osteoporosis. 

The role of calcium 

The history of dietary recommendations on calcium 

The first Australian recommended dietary intakes (RDIs) 

were issued by the National Health and Medical Research 

Council (NHMRC) in 1954. These RDIs have been 

subject to several revisions since, with the most recent 

revision being released in 2006.4 

Before 1997 in the United States and 2006 in Australia, 

dietary recommendations were based on criteria where 

RDIs met the following definition:  

Recommended Dietary Intakes (RDIs) are the levels of 

intake of essential nutrients considered … on the basis 

of available scientific knowledge to be adequate to 

meet the known nutritional needs of practically all 

healthy people. The RDIs are derived from estimates 

of requirements for each age/sex category and 

incorporate generous factors to accommodate 

variations in absorption and metabolism. They 

therefore apply to group needs. RDIs exceed the actual 

nutrient requirements of practically all healthy people 

and are not synonymous with requirements.93 

Accordingly, earlier RDIs were not designed to evaluate 

the dietary adequacy of individuals, although they were 

often used or, indeed, misused for this purpose. In 1997, 

the US Institute of Medicine (IOM) developed a more 

complex framework for dietary recommendations that 

included the concept of adequate intakes (AIs), as well as 

estimated average requirements (EARs), recommended 

dietary allowances (RDAs) or intakes (RDIs, as used in 

Australia) and tolerable upper intake levels (ULs).94 
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These measures allowed for the evaluation of an 

individual’s dietary adequacy. Not all nutrients have both 

an EAR and AI; the AI is used when there is not enough 

evidence to set an EAR. It is important to note that intakes 

below the RDI cannot be assumed to be inadequate 

because the RDI by definition exceeds the actual 

requirements of all but 2%–3% of the population. 

The 1997 revision of the dietary reference intakes 

(DRIs) for calcium, phosphorus, magnesium, vitamin D, 

and fluoride in the US set an AI for calcium.94 This 

revision was based on a different approach in response to 

expanded uses of the values and newer understandings of 

the role of nutrients. The concept of “optimal health” was 

introduced on account of the increasing acceptance that 

DRIs needed to extend beyond the prevention of 

deficiencies into the range of disease prevention. From 

1997, a paradigm shift occurred with acknowledgement of 

the involvement of calcium in the aetiology of 

osteoporosis.95 Although reduced bone formation may 

aggravate the bone loss process in elderly people, 

particularly men, bone resorption is a major contributor to 

osteoporosis in women.96,97,98 As bone resorption is 

related to inadequate calcium intake, RDIs for calcium 

have risen steadily over the past 30 years. In the 2006 

revision of nutrient reference values (NRVs), Nutrient 

reference values for Australia and New Zealand including 

recommended dietary intakes, the working party retained 

the concept of the avoidance of deficiency states as the 

concept used to set EARs and RDIs.4 Additional reference 

values were introduced to address chronic disease 

prevention. In setting the calcium requirements, the NRVs 

were based on calcium balance studies rather than 

changes in bone mineral density (BMD) or factorial 

estimates as used in the US DRIs, as this was considered 

to be problematic.4 

In 2010, the US IOM released new recommendations 

for calcium,99 and set EARs and RDAs for calcium, rather 

than AIs.94 Box 5 provides a comparison of the revised 

recommendations from the US IOM with the current 

recommendations from the NHMRC. At the time of 

writing, the Australian Government has put to tender a 

scoping exercise to assess if a review is required of the 

current 2006 NRVs. 

Food versus nutritional supplements for bone health 

Food or food components may differ in their effects on 

bone compared with a single nutrient. Current thinking 

has moved towards examining associations with whole 

foods and food groups rather than single nutrients. This is 

based on the recognition that dietary components in food 

may interact.100,101 Additionally, most countries use a 

food-based approach to dietary guidelines, as this 

provides the best approach to inform dietary advice. 

However, a food-based approach presents issues when 

interpreting evidence relating to bone health:  

 Many interventions have used a dietary calcium 

supplement, either with or without vitamin D. 

 When a food-based intervention is undertaken, it is 

impossible to avoid changing the diet without altering 

the nutrient profile of the participant’s food intake. 

 Milk studies are complicated by differences in 

composition (eg, in the US, vitamin D is routinely 

added to milk, whereas this is not the case in Australia). 

 Few studies have been designed to address if food has a 

more favourable effect on bone compared with single 

nutrients. 

There is a strong biological rationale for the importance 

of certain food groups in the maintenance of bone health. 

Grains, fruits and vegetables, meat and dairy, nuts and 

seeds supply a range of essential nutrients, including 

vitamins A, C, D and K, calcium, phosphorus, potassium, 

magnesium, and zinc, which have key roles in bone 

metabolism. There is considerable evidence of the 

positive influence that dietary patterns adequate in 

calcium, phosphorus and vitamin D have on bone 

health.48 Less consistent evidence exists on the role of 

other vitamins and micronutrients. Vitamin C is essential 

for production of collagen, the main protein in the bone 

matrix. Vitamin K is essential for the formation of the 

bone matrix protein, osteocalcin. While biochemical 

mechanisms associate these vitamins with bone mass, 

reduced intakes have been associated with low bone mass, 

increased bone loss and fracture,102 but the evidence for 

supplementation is limited or confusing.48 

Potassium is considered to be important in achieving 

optimal bone health, due to its influence on calcium 

homoeostasis, particularly in the conservation and 

excretion of calcium, and may counter the negative effect 

of sodium on hypercalciuria.48 Only one supplementation 

study has shown the benefit of potassium citrate in older 

women consuming a high-salt diet compared with a 

placebo.103 However, many vegetables, fruits and dairy 

foods are good sources of potassium, and dietary patterns 

rich in these foods have been associated with reduced 

bone turnover in adults.104,105 Other minerals important 

for skeletal enzyme reactions include zinc and 

magnesium, which are present in legumes, vegetables and 

fruits. A large-scale US study has demonstrated that 

dietary patterns are related to BMD and, specifically, 

dietary patterns that include high intakes of vegetables 

and fruits result in significantly higher BMDs than those 

found with other dietary patterns.49 Therefore it seems 

prudent to encourage a varied diet, particularly including 

fruits and vegetables, to ensure adequate intakes of key 

nutrients to maintain bone health. 

Dairy foods provide the major sources of calcium in the 

Australian diet, contributing 52% of the total calcium 

intake in men and 53% in women.106 In addition to its 

high calcium content, the other components of milk, 

including protein, lactose, magnesium and potassium, 

either alone or in combination with calcium, could also 

play an important role in bone growth and bone health. 

Intervention studies using milk in girls have reported 

positive effects on total body bone mineral 

accretion.107,108 A study of normally active boys with 

adequate calcium intakes found that additional exercise 

and calcium supplementation resulted in a 2%–3% greater 

increase in bone mineral content (BMC).109 A similar 

study in girls reported BMC increases of 2%–4% when 

short bouts of moderate exercise were combined with 

increased dietary calcium.110 

Milk intervention studies in adults are limited, but have 

been evaluated in the following populations:  

 Premenopausal women: Milk supplementation was 

effective in slowing bone loss.111 

 Postmenopausal women: The rate of bone loss was 

slowed with milk supplementation in Chinese 

postmenopausal women with low calcium intakes.112 

Another study directly compared calcium obtained 

from milk powder with calcium supplementation 

through tablets and reported equal effectiveness with 

both in slowing the rate of bone loss at the hip.113 
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 Middle aged and older men: A study of calcium- and 

vitamin D-fortified milk in older men found that the 

fortified milk stopped or slowed bone loss at the hip 

and spine and reduced cortical bone loss at the 

femur.114 

The positive effects of milk consumption on fracture 

prevention have not been established.115 

The effect of dietary protein on bone metabolism has 

long been debated. A recent systematic review and meta-

analysis assessing dietary acid load and bone disease116 

and several short-term controlled-feeding studies showed 

that a high-protein diet did not have adverse effects on 

calcium retention and bone metabolism.117,118,119 The 

positive effect of protein on bone health has been recently 

reviewed and the benefits to children and adults 

outlined.120 Notably, the provision of protein not only has 

an anabolic effect on bone, especially during periods of 

growth, but also improves calcium absorption.121 A recent 

systematic review showed that in older subjects, protein 

intake could explain 1%–2% of the variation in BMD,122 

reduced bone loss over time,123,124,125 and reduced risk of 

hip fracture,126,127 although a recent placebo-controlled 

trial in older women did not show benefit to hip bone 

density with the addition of whey protein (30 g/day) to 

diet.128 However, it is important to note that benefits of 

protein on bone are greatest when calcium intake is in 

accordance with the recommended levels.129 

Evidence of the benefits of a high fruit and vegetable 

intake in relation to bone density and osteoporotic fracture 

incidence is currently equivocal.105,130,131,132,133,134 

5 Recommendations for calcium intake by life stage (mg/day) — a comparison of current 2006 Australian National Health 
and Medical Research Council nutrient reference values4 and revised 2010 US Institute of Medicine dietary reference 

intakes99 

 Calcium intake (mg/day) 

Life stage 

NHMRC4  

EAR  

IOM99  

EAR 

NHMRC4  

RDI 

IOM99  

RDA 

NHMRC4  

UL 

IOM99  

UL 

Infants       

0–6 months  210 (AI) 200 (AI)   BM 1000 

7–12 months  270 (AI) 260 (AI)   B/F 1500 

Children       

1–3 years  360 500 500 700 2500 2500 

4–8 years  520 800 700 1000 2500 2500 

Males       

9–13 years  800–1050 1100 1000–1300 1300 2500 3000 

14–18 years 1050 1100 1300 1300 2500 3000 

19–30 years 840 800 1000 1000 2500 2500 

31–50 years 840 800 1000 1000 2500 2500 

51–70 years  840 800 1000 1000 2500 2500 

> 70 years  1100 1000 1300 1200 2500 2000 

Females       

9–13 years  800–1050 1100 1000–1300 1300 2500 3000 

14–18 years  1050 1100 1300 1300 2500 3000 

19–30 years  840 800 1000 1000 2500 2500 

31–50 years 840 800 1000 1000 2500 2500 

51–70 years 1100 1000 1300 1200 2500 2000 

> 70 years 1100 1000 1300 1200 2500 2000 

Pregnancy       

14–18 years 1050 1100 1300 1300 2500 3000 

19–30 years 840 800 1000 1000 2500 2500 

31–50 years  800 1000 1000 2500 2500 

Lactation       

14–18 years 1050 1100 1300 1300 2500 3000 

19–30 years 840 800 1000 1000 2500 2500 

31–50 years 840 800 1000 1000 2500 2500 

   NHMRC recommendation lower than IOM recommendation. 

   NHMRC recommendation higher than IOM recommendation. 

AI = adequate intake. BM = breast milk. B/F = amount in breast milk and food. DRI = dietary reference intake. EAR = estimated average requirement. 

IOM = US Institute of Medicine. NHMRC = National Health and Medical Research Council. RDA = recommended dietary allowance. RDI = recommended 

dietary intake. UL = upper level of intake4 or upper level intake.99         
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Current calcium intake in Australia 

The median dietary intake of calcium in the last 

Australian National Nutrition Survey was 827 mg per day 

for older men and 619 mg per day for older women 

( 65 years).4 Thus, the median intake for men is close to 

the EAR of 840 mg per day, but for women the median 

intake needs to increase significantly in the oldest age 

group (EAR, 840–1100 mg per day). 

In a random sample of Australian women with a similar 

median calcium intake of 631 mg per day, calcium intake 

from food sources alone was higher among those who also 

took a multivitamin supplement;135 only 7% of the 

women reported current use of calcium supplements. 

Inclusion of calcium derived from supplements increased 

the cohort’s mean total calcium intake by 6%. Calcium 

intake was not influenced by country of birth.  

The 1995 National Nutrition Survey reported that 50%–

66% of calcium intake was provided by milk products, 

with 30%–45% from dairy milk, about 10% from cheese 

and about 5% from frozen milk products.106 People who 

avoid dairy products need to ensure substitute food 

products are calcium-fortified. To achieve a daily intake 

of 1000–1300 mg calcium, at least three servings of dairy 

are recommended, with at least one of those servings 

being calcium-fortified. Studies suggest that the optimal 

level for calcium intake is higher when vitamin D status is 

low.8,44 

A large randomised controlled trial (RCT) has 

demonstrated that long-term calcium intake in older 

women can be increased by providing an annual estimate 

of average daily calcium intake to the individual and her 

doctor.136 Strategies such as this feedback on dietary 

calcium intakes may become valuable tools in promoting 

increased calcium intake from food. Calcium and vitamin 

D supplementation have moderate to poor long-term 

adherence.16,137 These supplements are frequently 

perceived by patients as an excessive medication, and lack 

of motivation is the most common reason for non-

adherence.138 Furthermore, calcium carbonate 

supplements are associated with gastrointestinal side 

effects such as bloating and constipation.139 Calcium 

citrate supplements have a lower proportion of elemental 

calcium, but the biological availability is higher; these 

supplements offer a good alternative with fewer 

gastrointestinal side effects, particularly in the elderly or 

those taking proton pump inhibitor drugs, which cause an 

elevation in gastric pH. 

Benefits versus risks of calcium  

Calcium plays an essential role in many physiological 

processes, including muscular, neural and metabolic 

functions, as well as bone mechanical properties. Studies 

suggest that a chronically negative calcium balance may 

contribute to suboptimal bone mass accrual in children, 

and to bone loss in adults.140,141,142,143 While potential 

side effects of calcium supplementation such as kidney 

stones, abdominal pain, hypercalcaemia and milk-alkali 

syndrome have been recognised for a long time, recent 

data on the cardiovascular safety of oral calcium 

supplements may challenge any recommendations, at least 

with regards to their use in the primary prevention of 

osteoporotic fractures. 

Benefits of calcium 

There have been numerous studies on the effect of 

calcium, with or without vitamin D supplementation, on 

bone turnover and BMD, both in healthy people and in 

patients with osteoporosis. Key findings include:  

 Bone turnover and parathyroid hormone levels: 

Calcium supplementation alone appears to reduce 

parathyroid hormone (PTH) levels and bone turnover, 

particularly in people with low dietary calcium 

intake.144,145,146,147,148,149,150,151,152,153,154,155 

 Bone mineral density (BMD): Inconsistent results have 

been observed in younger postmenopausal women in 

clinical studies.113,156,157,158,159 The same is true to an 

extent in studies of older people, although one larger 

study has described improved hip and whole body 

BMD.16 Additionally, a study of older Chinese women 

with low calcium intake reported reduced bone loss at 

the hip.160 A meta-analysis of smaller calcium-only 

trials concluded that calcium supplementation has a 

moderate but consistently positive effect on BMD in 

postmenopausal women.10 A recent meta-analysis 

found that supplementation with calcium, or calcium in 

combination with vitamin D, maintains or increases 

BMD at the spine and reduces bone loss at the hip.11 

These effects seemed to be more pronounced in specific 

groups: in those with low baseline BMD or 

osteoporosis; in people with low dietary calcium intake 

or low vitamin D levels (< 25 nmol/L); in older 

subjects; and in women taking hormone therapy. It 

should be stated that there is a transient increase in 

BMD over the first 12 months of calcium 

supplementation followed by a reduced rate of bone 

loss compared with older women not taking calcium 

supplements. 

The effect of calcium supplementation, with or without 

additional vitamin D, on fracture risk has been studied in 

diverse populations, including in healthy men and women 

living in the community, in patients with low bone density 

and osteoporosis, with or without prevalent fractures, and 

in the elderly. Key findings include:  

 Primary fracture prevention: Two recent large-scale 

studies involving community-dwelling healthy 

postmenopausal women investigated the effect of 

calcium alone on osteoporotic fractures.16,161 Neither 

trial found a statistically significant effect of calcium 

supplementation on fracture incidence over 5 years. 

Poor compliance with medication may have contributed 

to these findings. A meta-analysis of studies of men and 

women living in the community proposed that calcium 

intake is not associated with hip fracture risk.12 

However, this picture changes significantly in the 

elderly, particularly in those who are institutionalised, 

where supplementation with calcium and vitamin D is 

effective in reducing fracture risk, probably due to the 

fact that most elderly people are deficient in 

both.88,89,162 One study reported a reduction in the 

incidence of hip fracture by 43% during 18 months of 

treatment.88 A recent 19-year prospective cohort study 

of dietary calcium and fractures showed fractures were 

increased with dietary calcium intakes < 751 mg per 

day, but there was no further reduction with increasing 

dietary calcium intakes.8 

 Secondary fracture prevention: Most, but not all, trials 

report no statistically significant effect of calcium 

supplements on fracture outcomes in patients who have 

already suffered osteoporotic fractures. The results of a 

meta-analysis10 were consistent with findings of the 

larger trials;13,163 that is, treatment of patients with 

osteoporotic fractures with calcium alone, vitamin D 



Building healthy bones throughout life 

 

MJA Open 2 Suppl 1 ∙ 4 February 2013 13 

alone, or a combination of both without antiresorptive 

agents is insufficient to prevent further fragility 

fractures. 

In summary, there is no good direct evidence that 

calcium, with or without vitamin D, prevents fractures in 

those who have already sustained a fragility fracture. 

However, the findings of most meta-analyses favour 

supplementation with calcium plus vitamin D to reduce 

fracture risk, although the overall effect may not be 

greater than a 10%–20% reduction in fragility fractures 

compared with placebo. Greater reductions in fracture risk 

(30% or more) have been observed in the elderly living in 

institutional care. Calcium intake significantly above the 

recommended level is unlikely to achieve additional 

benefit to bone health. 

Potential risks of calcium supplementation 

Calcium supplements can cause abdominal discomfort, 

constipation or, in some individuals, diarrhoea. These 

unwanted effects are usually dose-related, although not 

necessarily so.99 As a result of these relatively frequent 

side effects, long-term adherence to calcium 

supplementation is generally poor. The following serious 

complications have been subject to considerable analysis:  

 Kidney stones: In susceptible patients, calcium 

supplements may cause or promote the formation of 

kidney stones. In postmenopausal women participating 

in the US Women’s Health Initiative study, 

supplementation with calcium (and vitamin D) was 

associated with a 17% increase in the risk of kidney 

stones.17 However, these findings may be attributable, 

in part, to the study protocol with a high baseline 

calcium intake, as a newer systematic review seems to 

indicate that there is no causal association between the 

risk of nephrolithiasis and calcium intake, be it via diet 

or calcium supplements.164 

 Ischaemic heart disease: Recent reports from the 

University of Auckland have alerted the medical and 

scientific community to a potential association between 

calcium supplementation and an increased risk of 

ischaemic heart disease.18,165,166,167 Analysis of a 5-

year study on the effect of calcium supplementation on 

fracture risk in postmenopausal women found the 

incidence of myocardial infarction (MI), as reported by 

the patient or her family, was significantly increased in 

women taking calcium supplements as compared with 

women taking placebo, but this difference was not 

significant when cases of MI were verified. A further 

meta-analysis also revealed a small but significant 

increased risk of MI or stroke.166 However, the risk of 

MI was not increased when the dose of the calcium 

supplement was < 805 mg/day. Findings from other 

studies are in contrast to the findings of the New 

Zealand group.168,169 

Important issues in the New Zealand group studies are a 

lack of compliance with calcium supplementation (which 

in most trials was around 50%), randomisation of the 

additional strata used in the post-hoc analysis, 

adjudication of events, and questions regarding statistical 

data analysis. In the absence of an RCT of calcium 

supplementation with MI as a primary outcome (which is 

extremely unlikely), the question of whether calcium 

supplements cause cardiovascular complications or not 

will remain open for the foreseeable future. And so does 

the, perhaps, clinically most relevant question: “Does the 

potential risk of calcium supplements outweigh their 

proven but rather modest benefits?” 

In order to reduce or prevent bone loss, it is vital to 

maintain an adequate intake of calcium. Overall, 

Osteoporosis Australia continues to recommend achieving 

a total daily calcium intake of 1000–1300 mg per day, 

depending on age and sex, and this should ideally be 

obtained from calcium-rich foods in the diet, by selecting 

foods high in calcium content, including calcium-fortified 

foods. However, when dietary intake of calcium is not 

sufficient, supplements may be required, at a daily dose of 

around 500–600 mg per day. Calcium supplementation, 

especially when it is combined with vitamin D, has been 

shown in clinical trials to reduce the rate of bone loss and 

has been an integral component in clinical trials with 

prescription medicines used to treat established 

osteoporosis.170 

Nonetheless, special attention has recently been drawn 

to patients with significant renal impairment where 

calcium supplementation may indeed be associated with 

cardiovascular complications and, hence, negative clinical 

outcomes.171 In this patient population, caution may be 

warranted. 

Effects of combination vitamin D and calcium on 

mortality 

A recent meta-analysis of individual patient data on 

70 528 randomised participants (86.8% female) with a 

median age of 70 years showed vitamin D, with or 

without calcium, reduced mortality by 7%.21 However, 

vitamin D alone did not affect mortality, but risk of death 

was reduced if vitamin D was given with calcium (hazard 

ratio, 0.91; 95% CI, 0.84–0.98). The number needed to 

treat with vitamin D plus calcium for 3 years to prevent 

one death was 151. This effect of the combination of 

calcium with vitamin D, which is not seen with either 

calcium or vitamin D alone, may be due to a greater effect 

of the combination in reducing PTH levels, which have 

been associated with both increased cardiovascular risk 

and increased mortality. 

Calcium needs in children 

Peak bone mass is acquired during childhood and sets the 

stage for vulnerability to fracture and other bone 

disorders. Severe calcium deficiency during infancy can 

exacerbate vitamin D deficiency and lead to rickets.172 

Calcium deficiency rickets typically occurs after weaning 

and often after the second year of life.173 Healing of 

rickets in Nigeria and South Africa has occurred from 

calcium supplementation without vitamin D.174 

The next most vulnerable period for inadequate calcium 

is during puberty, when about 40% of adult peak bone 

mass is acquired.78 Various skeletal sites reach their peak 

at different rates. In girls:  

 peak total body BMC is acquired by age 22 years175 

 at the hip, greater trochanter reaches peak bone mass at 

14.2 years and the femoral neck at 18.5 years176 

 the spine reaches peak bone mass by age 23 years.176 

Early puberty is a period of high fracture prevalence, 

partly due to low BMD as peak height velocity occurs 

before peak BMC accrual.177 Vulnerability to fracture is 

also associated with low milk consumption.178 Calcium 

intake is primarily related to consumption of milk and 

milk products, as supplement use is low in children.179 

Fracture incidence in children has increased in recent 

decades; this has been attributed to decreased milk 
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consumption, decreased physical activity and increased 

body fat.180 When an obese child falls, greater force is 

exerted on the outstretched radius. In this situation, 

increased body weight is transmitted through the limb, 

resulting in a force that may exceed the strength of the 

bone and so lead to fracture.181 Increasing body mass 

index (BMI) is associated with increased calcium 

needs.182 Thus, in the prevalent situation of increasing 

BMI with inadequate calcium intakes, overweight 

children have proportionally low bone mass.183 Increased 

calcium intakes in obese children may result in stronger 

bones that would resist fracture. 

Calcium recommendations during childhood should be 

aimed at optimising skeletal accrual to produce the 

highest peak bone mass within a child’s genetic potential. 

During infancy, calcium provided by breast milk is 

assumed to be adequate and is typically the basis for 

recommended intakes (see Box 5). Almost all of the 

experimental evidence for setting calcium requirements 

during childhood is related to adolescents. Two main 

approaches to determining calcium required have been 

used: the factorial approach99,184 and intakes for maximal 

calcium retention.94 The recommendations using both 

approaches for adolescents are consistent.  

A meta-analysis of RCTs of calcium supplementation 

in children6 suggests that increasing calcium intake from 

a mean 700 mg per day to 1200 mg per day has only 

limited benefits for improving bone acquisition. There 

was no effect on BMD at the femoral neck or lumbar 

spine, and only a small effect on total body BMD, which 

did not persist when supplementation ceased, suggesting 

a lack of long-term benefit. There was a small persistent 

effect on upper limb bone mass that was unlikely to be 

of clinical importance in terms of fracture prevention. In 

addition, there was no evidence to suggest that 

increasing the duration of supplementation led to 

increasing effects, or that the effect size varied with 

baseline calcium intakes, down to levels < 600 mg per 

day. In a subsequent 18-month trial in children (mean 

age, 12 years) with a habitual calcium intake < 650 mg 

per day, supplementation resulted in greater increases in 

bone mass at all sites but, again, these effects did not 

persist once supplements ceased.185 Thus, evidence does 

not support the use of calcium supplements in healthy 

children, with the possible exception of those with very 

low calcium intakes. This may not apply to children with 

medical conditions affecting bone metabolism. It is 

unclear whether this reflects calcium deficiency and/or 

protein deficiency but, in the absence of strong 

evidence, children who avoid dairy should be 

encouraged to improve their calcium intake from other 

dietary sources, and supplementation should be 

considered if necessary. 

Regardless of the requirements for calcium 

determined for children around the world, calcium 

intakes are often inadequate. Analysis of calcium intakes 

for 20 countries shows that among adolescent children, 

the intake for boys was about 60% and for girls about 

50% of a particular country’s specified requirement.186 

Achieving optimal nutrition including calcium and 

physical activity during growth is an important 

investment for society. The health care costs and losses 

in quality of life related to osteoporosis later in life are 

growing. Strategies to build peak bone mass during 

growth have the greatest potential for return on 

investment. 

Calcium needs in healthy adults 

Although the key role of adequate calcium nutrition in the 

prevention of osteoporotic fracture is well established, 

there is little evidence relating directly to the role of 

calcium intake in maintaining bone mass or fracture 

prevention in young and middle-aged adults. RCTs 

investigating this age group require large sample sizes to 

demonstrate fracture reduction. Fracture rates are low in 

those aged under 50 years, and a high proportion of those 

that occur are associated with high-trauma events, making 

it difficult to identify bone fragility.187 Analysis of RCTs 

has also been hampered by the high baseline calcium 

intakes of middle-aged and older men.188 Significant 

change to outcomes related to bone mass is difficult to 

demonstrate, as bone mass is relatively stable in young 

adulthood.189 Our current knowledge relating to adults 

aged under 50 years has largely been derived from studies 

using specialist groups such as elite athletes and religious 

groups with strict dietary restrictions.190,191,192 

RCTs assessing bone density or mass generally show 

increases following calcium intake and/or 

supplementation compared with placebo, typically 

between 1% and 2% (absolute difference over 2–3 years). 

Similar beneficial effects on bone health in 

perimenopausal women have been reported in some,193 

but not all, studies.10 Although calcium is a key nutrient 

in bone health, it is difficult to adequately power 

randomised trials, as the benefits of increased calcium 

intake on bone parameters are modest and there is 

substantial individual variation in rates of bone loss 

among perimenopausal women. 

A recent meta-analysis of RCTs suggests an increased 

risk of cardiovascular events in those using calcium 

supplements.18 The current controversy relating to the 

risk–benefit ratio of calcium supplementation has 

translated to a less consistent message from experts 

regarding calcium supplementation. Nevertheless, this 

controversy is restricted to the use of supplements, and 

the recommendations for an adequate dietary calcium 

intake are consistent and remain unchanged from the 

current position paper.7 An adequate calcium intake 

achieved through diet continues to be the best choice for 

those who can include an adequate dairy product intake. 

Strategies to increase dietary calcium intake and sustain 

an adequate intake over the long term136 will become 

more important as the debate on the risk–benefit balance 

of calcium supplementation continues.18,19,137 

The Australian and New Zealand RDIs for calcium are 

1000 mg per day in women aged 19–50 years and men 

aged 19–70 years. This increases to 1300 mg per day for 

women aged over 50 and men aged over 70 years. This 

allowance is calculated to meet the needs of 95% of the 

population.4 The corresponding EARs are 840 mg per day 

and 1100 mg per day for the younger and older age 

groups, respectively.4 In practice, this translates to 3–4 

serves of calcium-containing foods or 2–3 servings of 

high-calcium foods each day. 

There is some evidence that calcium supplementation or 

fortification in men and young women before menopause 

is beneficial, but most research has focused on 

postmenopausal women. There is no evidence to suggest 

that individuals consuming calcium at levels significantly 

higher than the requirement are receiving additional 

benefit.7,8 Thus, a well designed study investigating the 

effect of calcium fortification in food, with and without 

exercise, has not demonstrated any additional benefits of 
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calcium-fortified milk on bone parameters, as the baseline 

calcium intake of the male participants was already at the 

recommended level.188 

Calcium needs in older adults and individuals with 

osteopenia and osteoporosis 

Physiologically, calcium phosphate or hydroxyapatite 

provides rigidity to the skeleton, but bone calcium also 

acts as a reserve to maintain the concentration of ionic 

calcium in the extracellular fluid within a crucial narrow 

range. The PTH–vitamin D system maintains plasma 

calcium at the expense of the skeleton. Calcium 

deficiency reduces bone mass by increasing bone 

resorption to preserve this extracellular fluid ionised 

calcium level. Vitamin D deficiency may cause 

osteoporosis by secondary hyperparathyroidism and 

increased bone resorption. Thus, individuals who develop 

osteopenia or osteoporosis may have a low calcium intake 

and/or reduced calcium absorption related to vitamin D 

deficiency. 

Meta-analyses and RCTs with a primary outcome of 

fracture provide the highest level of evidence supporting 

the crucial role of calcium nutrition in the prevention of 

osteoporosis and fragility fractures.9,10,11 However, there 

is significant heterogeneity in the results,12,13,14,15 with 

differences in dose, baseline nutrient status, and co-

administration of vitamin D, as well as poor adherence, all 

contributing to the inconsistency in results. One meta-

analysis concluded that supplementation with calcium 

plus vitamin D reduced the relative risk of fractures by 

12% in adults aged 50 years and older.11 For best 

therapeutic effect, doses of 1200 mg calcium and 800 IU 

(20 g) of vitamin D were recommended. It is generally 

regarded that calcium supplementation prevents fractures 

in the frail elderly, particularly in women in residential 

care.11 The frail elderly have the highest rates of fracture, 

and those in residential care typically have low vitamin D 

status and an inadequate intake of calcium. Thus, this 

group of individuals has the greatest potential to benefit 

from either an increased intake of calcium alone or 

calcium plus vitamin D. Nevertheless, calcium intakes 

well above the recommended allowance of 1300 mg per 

day are not associated with any additional benefit, and 

calcium supplementation may be associated with an 

increased risk of hip fracture.8,12,15,194 

Supplemental calcium, either alone or combined with 

vitamin D, is associated with a reduced rate of bone loss 

averaging 0.5% at the hip and 1.2% at the spine.11 

Consequently, calcium supplementation is generally 

regarded as having only a modest suppressive effect on 

bone remodelling.195 Also, the apparent gain in BMD in 

the first 6–12 months after commencing calcium 

supplementation overstates any sustained benefit. In the 

immediate period, the increased calcium intake suppresses 

bone remodelling, resulting in a transient perturbation of 

the steady state of bone turnover. Furthermore, there is 

little evidence to support any effect of calcium 

supplementation after 4 years,196 although in older men, 

there is some evidence that the skeletal benefits gained 

from consuming calcium–vitamin D-fortified milk over 

2 years are sustained up to 18 months after withdrawal of 

the milk.197 

Several well designed randomised trials on calcium 

supplementation have reported no significant effect using 

intention-to-treat analysis.11,13,15,16 Poor adherence rates 

(55%–60%) to study medication have commonly been 

attributed as contributing to these results, as some “per 

protocol” analyses have demonstrated benefit.14,17 The 

most common side effects of calcium supplements relate 

to bloating, constipation, difficulty in swallowing a large 

tablet, and, less commonly, a slightly increased risk of 

kidney stones. While poor adherence to calcium 

supplements has been a public health concern, the 

emphasis has changed to a re-evaluation of the risk–

benefit ratio of calcium supplementation. Evidence from 

recent re-analyses of some trials has suggested the use of 

these supplements may be associated with an increased 

risk of cardiovascular events.18 The evidence is mounting, 

although the debate heightens, as few of the trials re-

analysed were designed to investigate cardiovascular 

outcomes and the ascertainment of these events could be 

biased.19 The most recent re-analysis of the Women’s 

Health Initiative dataset and meta-analysis concludes that 

calcium supplements with or without vitamin D modestly 

increase the risk of cardiovascular events, especially MI. 

The authors call for a reassessment of the role of calcium 

supplements in the management of osteoporosis since the 

beneficial effect on fractures is also small.18,137 Other 

investigators take a different view,198 highlighting the 

need for ongoing evaluation and discourse on this subject 

in the scientific literature. 

Current evidence does not demonstrate a cardiovascular 

risk with dietary calcium intake or that the associated 

benefits of increased high-quality protein in the elderly, 

who increase their intake of dairy foods, will translate to 

benefit to overall health status.  

The role of vitamin D 

Current issues  

There is reasonable agreement, based on a considerable 

body of evidence, that the vitamin D system is a critical 

contributor to calcium and phosphate homoeostasis and is 

important for optimal bone and muscle function. On many 

other matters, there is considerable controversy and 

uncertainty. Sun exposure is the primary source of vitamin 

D, in accordance with current Australian and New 

Zealand Bone and Mineral Society (ANZBMS), 

Endocrine Society of Australia (ESA) and Osteoporosis 

Australia (OA) recommendations.42 

What constitutes an optimal level of vitamin D? 

What should be the target for vitamin D sufficiency? 

Based on a large amount of evidence, a conservative 

target level for 25-hydroxyvitamin D (25[OH]D) for 

adequate calcium homoeostasis and reasonable bone and 

muscle function has been suggested as at least 

50 nmol/L.42,99,199 The best time to measure serum 

25(OH)D is at the end of winter/early spring when levels 

are at a nadir. It is recognised that this is conservative 

and, on the basis of an autopsy study of bone histology 

and other data, a target of > 75 nmol/L may be more 

appropriate.200 At the very least, if the 25(OH)D level is 

measured around the end of summer, allowance needs to 

be made for a subsequent drop during winter, so that a 

higher target of at least 60 nmol/L may be advisable.42 

Box 3 represents the current scientific findings from the 

vitamin D position statement supported by the ANZBMS, 

the ESA, and OA.42 

Since vitamin D receptors are present in all nucleated 
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cells examined and many cells have the capacity to 

produce the active hormone, 1,25-dihydroxyvitamin D 

(1,25[OH]2D), there is considerable interest in the 

possible extraskeletal effects of this hormone. There are 

extensive laboratory experimental data over many years 

supporting these proposed effects — one of the first 

demonstrations that 1,25(OH)2D was important for insulin 

secretion was published in 1980.201 There is also a 

relatively large body of supporting data from studies of 

autoimmune diseases, cancer studies and models of innate 

immunity in animals. The human studies, however, are 

mostly limited to epidemiological studies showing, with 

moderate consistency, that high sunlight exposure or other 

indices of replete vitamin D status are associated with 

reduced risk of certain cancers and autoimmune diseases, 

such as type 1 diabetes and multiple sclerosis, as well as 

being involved in a range of other health parameters. 

Although such observations have been made since 

1937,202 evidence supporting a role for vitamin D in these 

non-skeletal health outcomes from well conducted 

randomised controlled trials (RCTs) is mostly lacking. 

The trials that have been conducted have mostly not had 

extraskeletal health effects as a primary outcome, while 

the trials that have had extraskeletal health effects as a 

primary outcome have tended to be small, short and have 

had dose or compliance problems. Large-scale trials, such 

as the Vitamin D and Omega-3 Trial (VITAL), are 

underway, but will take some time to report. There are 

also ethical issues in undertaking the trials. Ideally, the 

enrolled subjects should be vitamin D 

deficient/insufficient (by defined criteria), as increasing 

vitamin D levels beyond some optimal concentration may 

produce no further benefit; however, this poses a problem 

for the placebo group.  

Some indicators have started to appear in the literature 

that high 25(OH)D concentrations, mostly > 100 nmol/L 

but sometimes > 75 nmol/L, may be associated with 

adverse health outcomes.203,204,205 The data are 

surprising, considering that the 25(OH)D levels of people 

living in high ambient ultraviolet (UV) environments 

average around 130 nmol/L.206 The nature of the studies 

showing these negative effects is similar to that of the 

epidemiological association studies showing better health 

outcomes from higher 25(OH)D levels. 

Some of the discrepancies in the literature may be due 

to genetic influences on vitamin D status and response to 

therapy. Polymorphisms of the genes encoding vitamin D 

binding protein, 7-dehydrocholesterol reductase, which 

affects substrate levels in skin, and the putative 25-

hydroxylase have been shown to affect vitamin D 

status.207 More recently, the effect of vitamin D on 

tuberculosis seroconversion has been reported to be 

dependent on polymorphisms of the vitamin D 

receptor,208 while infantile hypercalcaemia in response to 

moderate supplemental vitamin D has been shown to be a 

consequence of mutations in the 24-hydroxylase gene.209 

Vitamin D storage and metabolism 

There is little understanding of vitamin D storage. The 

secosteroid, 25(OH)D, has a half-life in blood of 15–

50 days, much greater than most steroids and much 

greater than that of its binding protein.210,211 Little is 

known about the factors which affect half-life, except that 

low calcium intake and/or high parathyroid hormone 

(PTH) levels markedly shorten this.210,212 Vitamin D can 

be given as a yearly dose, with reasonable maintenance of 

25(OH)D levels over most of the year.213,214 Some 

vitamin D goes into fat, where it appears to be trapped.215 

Some 25(OH)D goes into muscle,216 but meat is a poor 

source of vitamin D. 

Many of the physiological effects of vitamin D, though 

not all, are better related to circulating 25(OH)D levels 

than to 1,25(OH)2D concentrations. The latter are poor 

indicators of vitamin D status.217 This may be explained 

in part by the ability of many tissues, including bone, 

macrophages and probably parathyroid gland, to convert 

25(OH)D to 1,25(OH)2D locally. Indeed, in laboratory 

studies of bone cell function, endogenously produced 

1,25(OH)2D caused different functional effects from 

exogenously added hormone.218 

Protocols for vitamin D administration 

Assuming there is a need to improve a patient’s vitamin D 

status and that advice to increase sun exposure is 

impractical or inadvisable, what is an appropriate 

protocol? Most vitamin D supplements in Australia are 

vitamin D3. This means the controversies about whether 

vitamin D2 raises 25(OH)D levels as effectively as 

vitamin D3 (even if the assay measures both adequately) 

and, more importantly, whether vitamin D2 is less 

effective functionally (on which there are very few recent 

data) are not major issues in this country.219,220 There is 

insufficient appreciation of data that show that standard 

1000 IU (25 g) doses of vitamin D per day can be 

expected to raise 25(OH)D levels by only 10–

20 nmol/L.221,222 Major issues are cost and compliance, 

particularly in refugee communities and the elderly. For 

these reasons, weekly, monthly, 3-monthly or yearly doses 

of vitamin D have been advocated. Generally available 

vitamin D supplements are usually 1000 IU (25 g) oral 

tablets or capsules, liquid vitamin D (1000 IU/0.2 mL), 

and preparations imported with permission or made by 

compounding chemists. Intermittent, high-dose vitamin D 

(eg, 50 000 IU per month) is cheaper, effective in 

improving vitamin D status quickly,223 produces average 

25(OH)D levels consistent with the equivalent daily 

dose224 and does not seem to cause undue problems with 

hypercalciuria or hypercalcaemia.213,223 However, while 

dosing of 100 000 IU (2500 g) every 4 months was 

shown to reduce fractures in a community study in the 

UK,86 a 500 000 IU (12 500 g) yearly dose of vitamin 

D3 in winter in Victoria resulted in increased falls and a 

tendency to increased fracture rates in the first 3 months 

following the dose.214 

Even if optimal-dosing protocols for vitamin D could 

be established, most meta-analyses of RCTs examining 

falls and fractures (and a recent one on overall mortality) 

report that improved outcomes are generally the result of 

combined treatment with vitamin D and calcium, rather 

than either agent alone.11,225,226 Calcium supplements 

are normally given daily and are often combined with 

vitamin D.  

Vitamin D deficiency in Australia 

The definition of vitamin D sufficiency has varied among 

the studies conducted in Australia. Regardless, as a 

population, it is evident that Australians are not as vitamin 

D sufficient as might be expected for residents of a 

“sunny country”. A study combining results from mostly 

normal populations in south-east Queensland, Victoria and 

Tasmania reported a prevalence of vitamin D deficiency 

(defined as < 50 nmol/L) in women in winter and spring 
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of 40% in Queensland, 37% in Victoria and 67% in 

Tasmania.24 Seasonal differences were clear in all groups, 

with vitamin D values falling along with the peak UV 

index. Similar findings were reported from a study in 

south-east Queensland of men and women in the age 

range 18–87 years;32 at the end of winter, the prevalence 

of vitamin D deficiency was 42%. A study of nearly 200 

blood donors of both sexes in winter and spring in Perth 

reported that 34% had 25(OH)D levels < 50 nmol/L.227 

The largest study of nearly 11 300 Australians from 

Darwin to Hobart showed that 31% had 25(OH)D levels 

< 50 nmol/L.23 Limited evidence suggests that vitamin D 

levels are lower in those living in urban areas compared 

with country dwellers and lower in women compared with 

men.228 Reasonably consistent data suggest that vitamin 

D levels increase with physical activity and decrease with 

obesity.215,229,230,231,232 

Vitamin D insufficiency has been reported in 10% of 8-

year-old Tasmanian children in winter and spring233 and 

in 68% of 16–18-year-old boys in winter.234 These results 

may be a consequence of less time spent outdoors in the 

teen years, as longer time spent outdoors in winter, 

vigorous activity and involvement in more sports all 

correlated with higher 25(OH)D levels in teens.234 In 

pregnant women, 25(OH)D levels seem similar to those 

reported for the rest of the adult population. In country 

Victoria in winter, 35% of pregnant women had 25(OH)D 

values below 50 nmol/L; the corresponding rate in 

summer was 15%.235 

Older individuals, particularly those living in aged care 

facilities, are at high risk of vitamin D deficiency.26,27,28 

The skin of older individuals is thinner,236 which may 

explain lower concentrations of 7-dehydrocholesterol 

substrate (pre-vitamin D) in skin of older individuals,237 

and, in turn, the observation that older people make less 

vitamin D under conditions of high UV exposure.238 

However, older people exposed to smaller amounts of 

UVB appear to synthesise similar amounts of vitamin D 

compared with younger people.39,239 A much greater 

problem is limited sun exposure, due to frailty, reduced 

mobility or preference.240 

Other groups at greatly increased risk of vitamin D 

deficiency include:  

 individuals with dark skin29,30,31 

 individuals who wear modest dress29,30,32 

 groups at high risk of skin cancer due to past history or 

immunosuppression33,34,35 

 individuals with malabsorption36 

 individuals less likely to spend time in the sun, 

including chronic disease sufferers, transplant 

recipients, and office and shift workers35 

 individuals taking antiepileptic medications37,38 

Somewhat surprisingly, sunscreen use in the general 

population is not associated with low vitamin D levels, 

despite the capacity of sunscreen to block most UVB in 

the laboratory.32,35,39 Inadequate application combined 

with generally higher sun exposure in individuals using 

sunblock probably explains the discrepancy.35,39 

Low vitamin D levels will be found in people with no 

obvious risk factors. Whether this can be entirely 

explained by genetic variations in genes encoding such 

key proteins as 7-dehydroreductase, vitamin D binding 

protein or 25-hydroxylase,207 or by factors still unknown 

that affect metabolism or storage, remains to be studied. 

Vitamin D testing  

The use of vitamin D testing has grown exponentially in 

recent times as the result of increasing interest in the role 

of vitamin D in health.241 Within the body, vitamin D 

(either ergocalciferol or cholecalciferol) is hydroxylated 

in the liver to the major circulating metabolite 25(OH)D, 

which is in turn converted in the kidney to the active 

hormone 1,25(OH)2D. Despite being the precursor 

metabolite, total circulating 25(OH)D (combined 

25[OH]D2 and 25[OH]D3) is accepted as the best measure 

of vitamin D status.242 Compared with 1,25(OH)2D, 

25(OH)D concentrations in serum are higher and less 

tightly regulated, as well as being more stable.243 This 

renders 25(OH)D a good indicator of vitamin D stores and 

makes the quantification of vitamin D quite unusual, 

being one of the few clinical situations in which the 

metabolite one step removed from the active hormone is 

used to assess adequacy. 

Several assays for 25(OH)D measurement are in 

common use. Radioimmunoassay methods have been 

superseded by automated immunoassays using 

chemiluminescence technologies, such as DiaSorin 

Liaison Total and IDS iSYS. These assays are easily set 

up and are capable of high-volume throughput, lending 

their use to many clinical laboratories in Australia. 

Non-immunological direct detection assays, such as 

high-performance liquid chromatography (HPLC) and 

liquid chromatography–tandem mass spectrometry (LC-

MS/MS), have added advantages in performance, 

including the ability to independently measure 25(OH)D2 

and 25(OH)D3 and discriminate 3-epi 25(OH)D3, superior 

low-limit quantification, and the ability to control for 

standardisation. However, without adequate controls, 

reliability of results is highly operator dependent.244 

Previously limited to specialist laboratories, procedures to 

automate these methods and to increase throughput will 

enable HPLC and LC-MS/MS to be increasingly used in 

clinical laboratories.245 

At present, LC-MS/MS is considered by many 

commentators as the gold standard methodology.246 This 

assay is the preferred method for measurement of 

25(OH)D concentrations in the UK National Diet and 

Nutrition Survey,244 the US National Health and Nutrition 

Examination Survey (NHANES)245 and the Australian 

Health Survey.247 Despite this, concerns regarding assay 

reliability persist and have been well documented in the 

literature.248,249,250,251,252,253 An international vitamin D 

standardisation program is being led by the US Office of 

Dietary Supplements.254 The Australian Health Survey is 

participating in this program, along with a number of 

national population health surveys from other countries. 

This uncertainty has substantial implications for 

clinicians when interpreting vitamin D results. A single 

25(OH)D measurement may incorrectly classify a patient 

as vitamin D deficient and result in unnecessary treatment 

with vitamin D supplementation. Alternatively, a patient 

being monitored for vitamin D deficiency could have a 

change in apparent clinical status merely from variability 

in measurements at the same laboratory or from having 

serum analysed using a different assay method or 

laboratory. Clinicians need to recognise the limitations of 

current assays and seek guidance from their laboratories 

as necessary; for example, regarding normal reference 

intervals. The uncertainty around assay reliability also 

affects the comparison of the prevalence of low vitamin D 
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levels in surveys using different laboratory methods. 

There is a need for standardisation of 25(OH)D 

measurement methods to enable calibration of assays, 

similar to the DEQAS (Vitamin D External Quality 

Assessment Scheme) operating in the UK. This has led to 

the US National Institute for Standards and Technology 

developing a standard reference material (SRM) to aid in 

vitamin D analysis. SRM 972 Vitamin D in Human Serum 

consists of four pools of human serum with known analyte 

values for vitamin D metabolites, including 25(OH)D2, 

25(OH)D3 and 3-epi 25(OH)D3.255 Adoption of SRM 972 

represents the way forward as the first step in calibrating 

assays and serving as an adjunct to quality assurance 

programs. SRM 972 use has been broadly accepted in 

major health surveys244 and will enable greater 

confidence in the reliability and reproducibility of 

25(OH)D testing. Ultimately, this will enable clinicians to 

implement best practice in the treatment of vitamin D 

deficiency. 

Vitamin D from sunshine versus vitamin D from 

supplements 

Overexposure to sunlight, specifically ultraviolet radiation 

(UVR), is associated with adverse events, the most 

serious of which is skin cancer, including melanoma. As a 

consequence, there is much expert conjecture about the 

concept of deliberate UVR exposure as a means of 

attaining “optimal” vitamin D status.256 Current 

recommendations of intentional UVR exposure suggest 

that a 10–15 minute exposure of the face, hands and arms 

(about 25% of the body surface area) 2–3 times a week in 

the spring, summer and autumn corresponds to an 

equivalent oral dose of 1000 IU (25 g) vitamin D. This is 

said to be adequate to satisfy the body’s requirement for 

vitamin D throughout the year.257,258 

This regimen has led to a significant increase in serum 

25(OH)D levels in select populations.259,260,261 However, 

modelling of short regular UVR exposures has shown 

them to be of little benefit in maintaining vitamin D 

adequacy in the general population and could compromise 

skin health.262 

Environmental, behavioural and genetic factors have 

been shown to influence the photosynthesis and 

bioavailability of vitamin D, and make it difficult to 

carefully and universally “titrate” an individual’s sun 

exposure.263 Known modifiers of vitamin D status 

include: 

 sun protection practices264  

 ambient UVR265  

 latitude266 

 skin colour29,267 

 genetic predisposition263,268 

 sex238,269 

 age, weight and height270,271,272 

 socioeconomic status182  

 the incidence of several chronic illnesses.273 

Vitamin D occurs naturally in a limited number of 

foods, with oily fish being the richest natural source of the 

vitamin. In Australia, margarine and some milks and milk 

products are currently fortified with vitamin D,274 and 

vitamin D-fortified mushrooms and bread baked with high 

vitamin D yeast are shortly coming into circulation.275,276 

However, dietary food sources of vitamin D tend to be 

sporadic and varying in concentrations, and some 

controversy exists over whether or not vitamin D2 can 

fully substitute for vitamin D3 in the human diet.220,277 

The average dietary intake of vitamin D is estimated to 

be 104–120 IU (2.6–3.0 g) per day for men and 80–

88 IU (2.0–2.2 g) per day for women, while the adequate 

intake (AI) of vitamin D is 600 IU (10 g) per day and 

higher for older people.274 These AIs assume there is 

minimal sunlight exposure. However, adequate intake of 

vitamin D is unlikely to be achieved through dietary 

means, and the main source of vitamin D in healthy adults 

is the vitamin D produced in the skin.  

Vitamin D supplements provide a safe, accessible and 

relatively inexpensive means of increasing vitamin D 

intake, although opinion is divided on the recommended 

daily dose.40,278,279 The International Osteoporosis 

Foundation recommends taking a vitamin D supplement 

of 800–1000 IU (20–25 g) per day to achieve adequate 

blood levels of 25(OH)D, defined as 75 nmol/L.47 Some 

experts support a higher “optimal” serum level of 

25(OH)D of 75–110 nmol/L and suggest that a daily 

supplement of 4000 IU (100 g) per day is required.92,280 

People at high risk of deficiency, including those who are 

severely overweight and spend little time in the sun, may 

require even more supplementation.281,282 Although 

current knowledge about the effects of taking such high 

doses of vitamin D for sustained periods is 

limited,17,283,284 a recent review has suggested that as 

much as 10 000 IU (250 g) per day is a safe upper intake 

for adults.285 To date, high-dose supplementation has not 

been shown to provide greater benefit than more moderate 

doses.286 

It is clear that many people require more vitamin D 

than they are currently able to produce through sun 

exposure to achieve a serum 25(OH)D level > 50 nmol/L. 

Current understanding of the complex interaction of 

genetic, behavioural and environmental factors that 

influence the production of vitamin D within human skin 

is limited. While UVR exposure is an effective means of 

increasing vitamin D status, deliberate UVR exposure for 

durations sufficient to increase vitamin D status may 

increase the risk of other adverse health outcomes. 

Accordingly, daily oral supplementation remains the most 

safe, reliable and effective method to increase vitamin D 

levels. 

Vitamin D fortification in food 

Few foods contain significant amounts of vitamin D. 

Small amounts of vitamin D3 are found in the fat of 

animals and, as such, full-cream milk and butter contains 

vitamin D, but the amount is dependent on the season of 

production. A rich source is fish, especially high-fat fish 

such as salmon, herring and mackerel from the North Sea. 

It should be noted that farmed salmon contains only one-

quarter of the amount of vitamin D found in wild salmon, 

and vitamin D can be lost in the cooking process. For 

many countries, foods fortified with vitamin D are the 

major dietary sources of vitamin D. In Australia, all 

margarines are mandatorily fortified with small amounts 

of vitamin D. Small amounts of vitamin D are permitted 

to be added to dried milk,287 modified milk, cheese, 

yoghurt, dairy desserts, butter, various analogues derived 

from legumes and their products, certain beverages 

derived from cereals, and formulated beverages, but few 

milks are fortified in Australia. UV-irradiated mushrooms 

also contain vitamin D. It is not permitted to add vitamin 

D to breakfast cereals or fruit juices in Australia, in 

contrast with many other developed countries. 

The intake of vitamin D in Australia is less than the 
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intakes recorded in countries that either mandate vitamin 

D fortification of milk at levels higher than those allowed 

in Australia and/or permit extensive voluntary vitamin D 

fortification of a number of food products. Under these 

circumstances, the mean vitamin D intake for adults can 

be almost double the Australian intake, at about 192 IU 

(4.8 g) per day.288 

The only country to employ mandatory vitamin D 

fortification of milk at a level twice that allowed by 

Australia is Canada (~ 80 IU [2 g] per 200 mL). The 

mean vitamin D intake from food in Canada is 232 IU 

(5.8 g) per day in adults, with higher intakes seen in 

children; median intakes of 1–3-year-olds and 4–8-year-

olds are 252 IU (6.3 g) per day and 224 IU (5.6 g) per 

day, respectively.288 Vitamin D fortification at this level 

appears to have some positive impact on the rates of 

severe deficiency and rickets. A recent analysis of a 

representative sample of Canadians indicated that, in 

winter, 25% were classified as deficient (< 50 nmol/L), 

and that overall only 5.4% had levels in the moderate 

deficiency range (< 30 nmol/L),99 which rose slightly to 

7% in winter. These rates of deficiency in the general 

population are somewhat lower than those reported in the 

Australian Diabetes, Obesity and Lifestyle (AusDiab) 

study.289 In AusDiab, overall 31% of men and women 

were deficient (< 50 nmol/L) and 4% were moderately 

deficient (< 25 nmol/L), increasing to 8.9% of women 

being moderately deficient during winter (June – 

August).290 

The fortification of food products is becoming 

frequently used to improve calcium intake and this may 

also be a reasonable method to increase the vitamin D 

intake of the population.102 It is clear that the current food 

supply, supplementation practices, and lifestyles in most 

developed countries result in large segments of their 

populations being at risk of vitamin D deficiency. This is 

particularly relevant to Australia, which has a diverse 

immigrant population who cannot achieve sufficient safe 

sunlight exposure to maintain adequate levels of serum 

25(OH)D; immigrants from North Africa, the Middle East 

and Asia in particular are at high risk of vitamin D 

deficiency. Almost three-quarters of pregnant women 

from the Horn of Africa living in Melbourne had serum 

25(OH)D levels  25 nmol/L.31 

It is possible that a modest level of mandatory vitamin 

D fortification in milk, as is currently employed in 

Canada, in combination with voluntary permission to 

fortify other food products, such as breakfast cereals and 

fruit juices, may be effective in reducing the level of 

severe deficiency and also the incidence of rickets in 

children. Levels of vitamin D food fortification in 

Australia are currently insufficient to prevent deficiencies. 

Expanding the fortification of the food supply is likely to 

be effective in correcting severe deficiencies in high-risk 

groups. However, more evidence on whether there is 

widespread vitamin D deficiency is required before such a 

case can supported. 

Vitamin D needs in pregnancy and in children  

Vitamin D needs in pregnancy 

During pregnancy, alterations to vitamin D and calcium 

homoeostasis allow calcium transfer to the developing 

fetus. Levels of 1,25(OH)2D and vitamin D binding 

protein increase throughout pregnancy, absorption of 

intestinal calcium is doubled and PTH is suppressed to the 

lower end of the normal range in situations where vitamin 

D and calcium intake are adequate.291 The fetus is 

dependent on maternal vitamin D and there is a strong 

association between maternal and cord blood vitamin D 

levels, although cord blood levels are about 65% of 

maternal levels.292 

Evidence is limited for the effect of vitamin D on 

maternal bone health during pregnancy, although there is 

emerging evidence that vitamin D may be protective for a 

range of other pregnancy outcomes, including pre-

eclampsia,293,294,295 gestational diabetes,40,296,297,298 

bacterial vaginosis299 and pregnancy complications.300,301 

Longitudinal studies of bone mineral density (BMD) 

during pregnancy provide conflicting results, although 

most studies show decreases in BMD at the spine, hip and 

distal radius.302 There are no studies directly examining 

the relationship between vitamin D status and BMD 

during pregnancy.302 

Both observational studies303,304,305,306 and 

RCTs301,307,308,309,310,311,312 in pregnant women have 

found vitamin D supplementation increases maternal 

circulating 25(OH)D levels, but most have found no effect 

of increased vitamin D on maternal 

calcium301,303,304,306,309,310 or PTH levels.305,309 Two 

RCTs of vitamin D supplementation in vitamin D-

deficient women have found improvement in maternal 

calcium levels (with an increase in mean 25[OH]D levels 

from 20 nmol/L to 168 nmol/L)307 and a reduced 

prevalence of maternal hyperparathyroidism (with an 

increase in median 25[OH]D levels from 26 nmol/L to 

42 nmol/L).311 

There is conflicting evidence on the influence of 

maternal vitamin D status on fetal growth. Two 

prospective cohort studies have evaluated maternal 

25(OH)D and birth weight: one found no association,313 

while the other found a non-significant association 

between low maternal vitamin D and reduced knee–heel 

length, but no association with other infant growth 

parameters.314 This group later reported the relationship 

between birth weight and maternal vitamin D was 

modified by vitamin D receptor genotype.315 A 

retrospective cohort study found no relationship between 

maternal vitamin D and infant birth weight or length, 

although it did find a relationship between maternal 

vitamin D status and subsequent BMD in the children.316 

Two further observational studies (vitamin D levels not 

measured) have found higher birth weight in babies born 

to women with higher intakes of dietary/supplemental 

vitamin D during pregnancy.317,318 

Three RCTs of vitamin D supplements in vitamin D-

deficient women (two from the same group, all with 

methodological issues) have found fewer infants who are 

small for their gestational age,308,312,319 a smaller 

fontanelle size,319 and improved postnatal infant 

growth308 in infants born to women in the intervention 

group. A further poor-quality RCT of high-dose vitamin D 

in Indian women during pregnancy (two doses of 

600 000 IU [15 000 g] during third trimester) found 

increased birth weight and length, although maternal 

vitamin D was not measured.320 Other trials of vitamin D 

supplementation in pregnant women with low vitamin 

D310,311,321 have not found any difference in birth weight. 

Javaid and colleagues316 found maternal vitamin D 

 27.5 nmol/L in late pregnancy was associated with 

reduced whole-body bone mineral content (BMC), bone 

area and areal BMD in children at 9 years compared with 
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children where maternal vitamin D was > 50 nmol/L, 

suggesting low vitamin D during pregnancy is associated 

with persisting deficits in bone mineral accrual.316 Recent 

prospective cohort studies also suggest maternal vitamin 

D status influences fetal bone parameters. Maternal 

vitamin D < 50 nmol/L is associated with increased 

femoral splaying in the fetus measured by high-resolution 

3D ultrasound,322 and maternal vitamin D < 42 nmol/L is 

associated with lower tibial BMC and reduced cross-

sectional area in neonates measured by peripheral 

quantitative computed tomography (pQCT),323 with a 

reduced tibial size persisting at 14 months of age.324 

Conversely, a study of Gambian infants found no 

relationship between maternal vitamin D status during 

pregnancy and BMC, bone width, bone area or BMD 

during the first year of life, although 80% of mothers had 

vitamin D > 80 nmol/L.325 A study of Asian neonates in 

the UK found no difference in the BMC of infants born to 

mothers receiving vitamin D supplements compared with 

unsupplemented women, although in this study, mean 

cord blood 25(OH)D was < 15 nmol/L in both groups.321 

There have been no studies addressing whether optimal 

25(OH)D levels in pregnancy are different from optimal 

levels in non-pregnant women.291 The current 

recommended adequate vitamin D levels for adults are 

> 50 or 60 nmol/L, although it is noted that some authors 

recommend a higher target level of around 80 nmol/L 

during pregnancy,300,326 and there is emerging 

randomised trial evidence of improved pregnancy 

outcomes with vitamin D levels > 100 nmol/L.301 

Supplementation trials in pregnant women with low 

vitamin D (mean/median, 15–40 nmol/L) suggest vitamin 

D doses < 1000 IU (25 g) daily from 27 weeks’311 and 

from 12 weeks’303,305 gestation are inadequate to ensure 

vitamin D levels > 50 nmol/L in late pregnancy, although 

doses of 1000 IU (25 g) daily have achieved these levels 

in a small study of pregnant women with low vitamin 

D.309 There are several poor-quality trials of high-dose 

vitamin D supplementation (doses of 120 000–600 000 IU 

[3000–15 000 g] immediately) during 

pregnancy,145,306,310,320 which do not provide adequate 

evidence to support intermittent high-dose vitamin D 

during pregnancy in clinical practice. The best study to 

date showed doses of 4000 IU (100 g) daily were both 

safe and effective at increasing serum 25(OH)D 

> 80 nmol/L in all women and their neonates, regardless 

of race.41 No hypercalcaemia or hypercalciuria occurred. 

Recent studies have suggested low vitamin D 

(< 50 nmol/L) is common in pregnant women in Australia, 

with reported prevalence figures of 48% in Sydney,327 

26% in Campbelltown, NSW,328 35% in Canberra328 and 

26% in rural Victoria.235 An older study found 80% of 

pregnant dark-skinned and/or veiled women in Victoria 

had levels < 22.5 nmol/L.29 These prevalence figures are 

important; if vitamin D doses of < 1000 IU (25 g) daily 

are inadequate to achieve vitamin D > 50 nmol/L, the US 

Institute of Medicine (IOM) recommended daily 

allowance (RDA) for pregnancy of 600 IU (15 g)99 may 

not be an actual RDA sufficient to meet or exceed 

requirements for 97.5% of the population. 

Given the high prevalence of low vitamin D in pregnant 

women and the potential adverse effects on fetal bone 

health, and emerging evidence on other pregnancy 

outcomes, it is not unreasonable to check vitamin D status 

in all pregnant women and supplement to achieve 

maternal levels > 50 nmol/L.298 Treatment should be 

paired with health education and advice about safe sun 

exposure. Further well designed prospective trials of 

supplementation during pregnancy addressing safety 

considerations are needed.292 In the longer term, an 

economic analysis of the costs of screening compared 

with supplementation without screening will be relevant. 

Vitamin D needs in lactation 

Lactation is characterised by net calcium loss, with 

temporary bone demineralisation and recovery after 

weaning. The combination of parathyroid hormone-related 

protein (PTHrP) produced by the lactating breast and low 

oestradiol levels stimulate skeletal resorption, with a net 

loss of 5%–10% of BMC over 2–6 months of exclusive 

breastfeeding.291 

Two studies have examined serial BMD in relation to 

vitamin D in lactating women.329,330 One study in 

predominantly white women found a decrease in BMD 

over the period of lactation,331 while the other study of 

white mothers found no change in BMD over 6 months of 

lactation.329 Neither study found an association between 

BMD and maternal vitamin D status. A third study 

comparing BMC in breastfeeding mothers, formula-

feeding mothers and controls332 found significant 

decreases in BMC in the spine, femur, hip and whole body 

in breastfeeding women that were not related to vitamin D 

receptor genotype or calcium intake. Other studies have 

noted that demineralisation during lactation is 

independent of calcium intake, and that increased calcium 

intake is associated with increased urinary calcium 

excretion.291 No studies have yet examined the impact of 

maternal vitamin D status on post-weaning recovery of 

skeletal mineralisation.291 

Trials of vitamin D supplementation in breastfeeding 

women have found doses of 1000 IU daily for 6 weeks333 

to 3 months304 were inadequate to raise levels to 

> 50 nmol/L in women with low baseline vitamin D, 

although 2000 IU (50 g) daily for 3 months achieved this 

end point in one of these studies.304 In comparison, 

2000 IU (50 g) was inadequate to ensure levels 

> 50 nmol/L in completely covered women with low 

vitamin D levels in Saudi Arabia,334 although another 

study comparing 2000 IU (50 g) with 4000 IU (100 g) 

daily for 6 months in women with baseline vitamin D 

> 50 nmol/L found the 2000 IU dose increased maternal 

levels to 90 nmol/L and infant levels from 20 nmol/L to 

> 50 nmol/L (without other infant 

supplementation).335,336 A trial in breastfeeding women 

used maternal vitamin D doses of 6400 IU (160 g) per 

day in one arm to ensure infant levels > 50 nmol/L.337 

Breast milk is a poor source of vitamin D338 and, like 

other age groups, breastfed infants are dependent on skin 

synthesis for their vitamin D stores.339 

There is limited evidence for the effect of vitamin D on 

maternal bone health during lactation and after weaning, 

and inadequate evidence to recommend a higher target 

level for breastfeeding mothers than the current target 

level for healthy adults of > 50–60 nmol/L. There is also 

currently inadequate evidence to support maternal vitamin 

D supplementation as a single strategy to treat low 

vitamin D levels in exclusively breastfed neonates. 

Vitamin D needs in infants, children and adolescents 

Vitamin D is important for bone health and muscle 

function throughout childhood and adolescence. Adequate 

vitamin D status is required to prevent rickets and to 
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promote normal bone growth and mineralisation as peak 

bone mass is acquired. 

Rickets is a generalised disruption of skeletal 

mineralisation (osteomalacia), together with abnormal 

growth plate mineralisation and development during 

periods of linear growth. Rickets occurs most commonly 

in infancy, although it is also seen in adolescents.340 Most 

rickets in childhood is due to low vitamin D, although 

there is no absolute 25(OH)D level associated with 

rickets. Low calcium and/or phosphate intake or increased 

losses of phosphate and/or calcium may be additional 

contributors, or the primary cause. Case series of children 

with rickets from Australia,341,342,343 the 

US344,345,346,347,348 and Canada349,350,351 have noted 

almost all affected children have dark skin and prolonged 

breastfeeding. In the three Australian series, 75%–95% of 

the affected children were migrants or born to immigrant 

parents.341,342,343 In New South Wales, reported cases 

doubled from 17 cases in 2002 to 35 cases in 2003 and 

were almost exclusively in recently immigrated children, 

or first-generation offspring of immigrant parents, from 

the Indian subcontinent, Africa and the Middle East.343 

Seventeen studies of cohorts of infants and young 

children with rickets (sample size, 5–129) have reported a 

mean/median level of 25(OH)D < 37.5 nmol/L (12 studies 

 20 nmol/L),342,343,352,353,354,355,356,357,358,359,360,361, 

362,363,364,365 while seven case–control studies in young 

children with rickets (number of cases, 9–129) found a 

mean/median 25(OH)D level of 8–38 nmol/L, compared 

with a mean/median of 44–90 nmol/L in the respective 

controls.357,359,360,363,364,365,366 In adolescents with 

rickets, two studies (sample size, 15–16) have reported a 

mean/median 25(OH)D level  18 nmol/L,367,368 and a 

case–control study found a mean 25(OH)D of 13 nmol/L 

among 16 cases, compared with 46 nmol/L in the 

controls.367 In three cohorts of young children from 

Nigeria, South Africa and India with rickets due to low 

calcium intake (sample size, 14–24), the mean 25(OH)D 

level was 45–50 nmol/L.356,367,369 There are several 

other intervention trials in cohorts of children with rickets 

where baseline vitamin D status is not 

reported.370,371,372,373,374 

Healing of rickets is reported with both daily 

dosing352,353,354,356,358,366,375 and high-dose 

oral362,367,368,372,374 and intramuscular355,361,371,373 

vitamin D regimens. The daily vitamin D regimens 

reported range from 400 IU (10 g) per day for 

16 weeks352 to 1700–4000 IU (42.5–100 g) per day for 

8–14 weeks353,358 and 5000–6000 IU (125–150 g) per 

day for 3–4 weeks.366,375 The high-dose oral vitamin D 

regimens reported range from 20 000–50 000 IU (500–

1250 g) per day for 20–30 days368,374 to single doses of 

150 000–300 000 IU (3750–7500 g)362 and 600 000 IU 

(15 000 g).362,367,372,374 The immediate-dose 

intramuscular vitamin D regimens reported range from 

150 000 IU (3750 g)376 to 300 000 IU (7500 g)373 and 

600 000 IU (15 000 g).355,361,371 Unfortunately, many 

of these trials are poor quality. In several trials, it is not 

possible to determine the vitamin D formulation 

used,362,366,367,368,371,373 while in other trials, there was 

no early measurement of calcium 

status355,356,361,367,368,371,376 or vitamin D levels were 

not measured after treatment.358,362,366,367,371,372,373,374 

Historically, vitamin D in doses of 400 IU (10 g) per day 

(the amount contained in a teaspoon of cod liver oil) has 

been shown to prevent rickets.326 

Vitamin D status is related to other measures of bone 

turnover and bone health in children. There are paediatric 

data to suggest stabilisation of PTH occurs at 25(OH)D 

levels of 65–90 nmol/L,377,378,379,380 and elevated PTH 

is seen at 25(OH)D levels < 40–

60 nmol/L.380,381,382,383,384,385,386 However, there are 

difficulties with this approach, as the interplay between 

vitamin D levels and dietary calcium intake in 

maintaining PTH suppression, and the effect of PTH 

suppression on bone development in the growing 

skeleton, is unclear. 

There are variable results from studies examining the 

relationship between vitamin D, BMD and BMC in infants 

and adolescents, and a lack of similar studies in children. 

An observational study in term infants found 25(OH)D 

levels were positively correlated with whole-body 

BMC,387 although two case–control studies in infants 

found 25(OH)D was not related to lumbar spine BMC and 

BMD.388,389 Two small RCTs of vitamin D supplements 

(400 IU [10 g] per day) in breastfed infants found no 

difference in radial BMC between groups at 

6 months.390,391 

Low 25(OH)D (< 25–40 nmol/L) is associated with 

reduced forearm382,385 and tibial385 BMD in female 

adolescents, and a positive association has been found 

between 25(OH)D and BMD at the spine, femoral neck, 

and radius, as well as radial BMC in adolescent girls.392 

In a 3-year prospective study of adolescent girls, baseline 

25(OH)D status correlated positively with change in 

lumbar spine BMD and bone mineral apparent density 

(BMAD) and femoral neck BMD over the study 

period.393 The difference in adjusted 3-year BMD 

accumulation between those with baseline vitamin D 

> 37 nmol/L compared with those with baseline levels 

< 20 nmol/L was 4%. Higher vitamin D intake was also 

associated with increased change in lumbar BMD over the 

study period.394 A study of 18–20-year-old men also 

found higher 25(OH)D (using the median cut-point of 

44 nmol/L) was positively correlated with BMC and BMD 

at all sites measured (lumbar spine, femoral neck, 

trochanter and total hip).395 Conversely, other studies 

have reported no correlation between vitamin D status and 

BMD in Indian school children396 and 16–20-year-old 

women.397 

The vitamin D receptor is also important in the 

relationship between vitamin D status and BMD in 

children. Vitamin D receptor gene polymorphism is 

associated with increased intestinal calcium absorption 

and increased BMC and BMD in children,398,399 and with 

the response to supplemental vitamin D in adolescents.400 

Vitamin D supplementation in children and adolescents 

has not been shown to increase BMC or BMD during 

childhood and adolescence. A 2010 meta-analysis 

included six RCTs (884 participants) of vitamin D3 

supplementation for 1–2 years’ duration in children aged 

8–17 years.401,402 The meta-analysis found 

supplementation had no effect on total-body BMC or 

BMD of the hip or forearm, although there was a trend to 

a small effect on lumbar spine density and towards a 

larger effect for total-body BMC in participants with 

lower vitamin D levels. Four of the included trials used 

vitamin D doses of  400 IU (10 g) per 

day.108,403,404,405 Supplements achieved mean 25(OH)D 

levels > 50 nmol/L in two trials404,405 and in the high-

dose group of a third study.392 In two of the other studies 

included in the meta-analysis, vitamin D levels remained 
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< 50 nmol/L in the intervention group.248,403 Two 

subsequent RCTs in adolescent girls with low baseline 

vitamin D found intermittent high-dose vitamin D 

supplements (achieving levels of 56–75 nmol/L) had no 

effect on BMD in girls post menarche,406,407 although 

one of the trials found a significant increase in BMC in 

girls within 2 years of menarche.407 

Only one trial has reported on fracture outcomes392 and 

found no difference in self-reported incident fractures 

with vitamin D supplements. No trials reporting childhood 

vitamin D status and adult bone health outcomes have 

been identified.  

Based on available evidence, the recommended level of 

25(OH)D for infants, children and adolescents for optimal 

bone health remains at > 50 nmol/L. Further data are 

required before recommending a higher target level for 

bone outcomes or other health effects. 

The adequate intake for those < 12 months and the 

estimated average requirement for vitamin D in children 

and adolescents is 400 IU (10 g) daily, with a 

recommended dietary intake of 600 IU (15 g) per day.99 

These figures assume minimal sun exposure. 

For children and adolescents with low vitamin D, 

supplementation may be required. The following list 

summarises the dose and duration to achieve 

mean/median levels > 50 nmol/L in children with low 

baseline vitamin D (mean/median < 50 nmol/L) without 

rickets. The recommendations below underpin the dosing 

table in the new paediatric position statement. 

 Neonates:  

 Daily regimens: 400 IU (10 g) per day for 

7 weeks,408 15 weeks,304 6 months,409,410 

10 months,411 and 12 months;329 or 400 IU (10 g) 

per day for 3 months in conjunction with maternal 

supplements of 2000 IU (50 g) per day334 or 500–

1000 IU (12.5–25 g) per day for 3 months.412 

Neonatal doses of 100–200 IU (2.5–5 g) per day for 

6 months did not achieve this end point.409,410  

 High-dose regimens: 100 000 IU orally given at 0, 3 

and 6 months.413 

 Infants/preschoolers:  

 2000 IU (50 g) per day or 50 000 IU (1250 g) 

weekly for 6 weeks.414 

 Primary school age:  

 No trials identified. 

 Adolescents:  

 Daily regimens: 400 IU (10 g) per day for 

16 weeks,415 400–800 IU (10–20 g) per day for 

12 months,405,416 or 2000 IU (50 g) per day for 

12 months.392,400 Doses of 400–800 IU for 

12 months403 or over winter393,417 did not achieve 

this end point in other studies.  

 High-dose regimens: oral 50 000 IU (1250 g) 

monthly for 12 months,418 oral 100 000 IU (2500 g) 

immediately maintained levels at 2 months,419 oral 

150 000 IU (3750 g) 3-monthly for 1 year,406 

intramuscular 600 000 IU (15 000 g) maintained 

levels at 3 months, but not 6 months.361 

A further four trials have reported on preventing the 

seasonal decline in vitamin D in children using high-dose 

therapy. In healthy primary age children, oral doses of 

150 000 IU (3750 g) at the start of winter420 or two 

doses of 100 000 IU (2500 g) at the start and middle of 

winter421 maintain vitamin D levels > 50 nmol/L over the 

winter months. In healthy adolescents, three oral doses of 

100 000 IU (2500 g) 2–3-monthly384,422 maintain 

vitamin D levels > 50 nmol/L year round. 

Vitamin D needs in healthy adults 

For the purpose of this discussion, the age range for 

“healthy adults” is 20–65 years. Where studies included 

people from a wide age range, the mean age ( 65 years) 

was used to determine inclusion. 

The IOM report99 compared the association between 

baseline or attained 25(OH)D and changes in BMD during 

the follow-up period. Six studies were in the age group for 

healthy adults:  

 One study reported 25(OH)D levels predicted change in 

BMD (positive association).423 

 Five studies reported no association between 25(OH)D 

and BMD282,424,425,426 or did not report any findings 

on this association.403 

In light of these findings, it was surprising that the IOM 

concluded that there was “fair evidence” to support an 

association between serum 25(OH)D and BMD in the 18–

50-years age group. 

The IOM evaluated the effect of vitamin D 

supplementation on BMD. Twelve of these studies were in 

the age group of healthy adults; six reported a beneficial 

effect from vitamin D supplementation on 

BMD,17,144,427,428,429,430 while six found no 

effect.403,425,426,431,432,433 The daily dose of vitamin D in 

all of these studies was 800 IU (20 g) or less of vitamin 

D3 (or the equivalent of vitamin D2), which is much lower 

than the level recommended today to increase 25(OH)D 

concentrations up to those associated with optimum 

health.285 In addition, most of these studies also gave 

calcium supplements with vitamin D. The IOM 

concluded, for all age groups, that both supplements are 

required to achieve a beneficial effect on BMD, while 

vitamin D by itself did not significantly increase BMD.99 

It seems reasonable to conclude that this also applies to 

healthy adults, given that six RCTs with participants from 

this age group reported beneficial 

effects.17,144,427,428,429,430 

The IOM also compared baseline 25(OH)D levels with 

subsequent risk of fracture.99 Since publication of these 

findings, at least a further seven cohort studies have been 

published,434 although only two were in the age range for 

healthy adults, and neither showed any association 

between baseline 25(OH)D levels and subsequent risk of 

fracture.435,436 However, it seems reasonable to conclude 

that 25(OH)D should have consistent associations across 

age groups, and the pooled relative risk of fracture (hip 

and/or non-vertebral) is 1.34 (95% CI, 1.13–1.59) 

comparing the lowest 25(OH)D quartile with the higher 

reference category in each study.434 This indicates a weak 

effect associated with low vitamin D status, although the 

possibility of residual confounding from the two most 

important confounders (obesity and physical activity) 

cannot be excluded. 

At least 24 RCTs have been carried out using vitamin D 

(alone or with calcium).87 Meta-analyses of these studies 

have reported inconsistent findings, with some concluding 

that vitamin D is only beneficial against fractures when 

combined with calcium,57,87,437 and others concluding 

that vitamin D taken in higher doses (> 700 IU [17.5 g] 
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per day) is effective by itself.44,45,438,439 The observed 

inconsistency has arisen because many of the studies that 

used calcium in combination with vitamin D usually had 

higher doses of vitamin D (700–800 IU [17.5–20 g] per 

day) compared with studies that gave vitamin D by itself 

(400 IU [10 g] per day). Vitamin D doses of 400 IU 

(10 g) per day are only likely to have raised 25(OH)D 

levels by about 10 nmol/L.440 Thus, it is not possible to 

conclude at present whether there is any beneficial effect 

on fracture incidence from vitamin D by itself. 

Furthermore, only two randomised clinical trials were 

conducted with subjects in the age range of healthy adults. 

Both studies were in postmenopausal women, and neither 

showed a reduction in fracture incidence from taking 

vitamin D.17,441 

Vitamin D needs in older adults and individuals with 

osteopenia and osteoporosis 

There are no data to suggest that vitamin D alone is 

effective in maintaining or increasing BMD. However, 

treatment with the combination of calcium and vitamin D 

prevents bone loss and results in small increases in BMD 

at most sites.85,351 The addition of vitamin D to calcium is 

also likely to reduce the risk of falling, particularly in 

winter, in patients with a history of falling and vitamin D 

insufficiency (serum 25[OH]D < 60 nmol/L).442,443 A 

2009 meta-analysis suggests vitamin D supplementation 

decreases falls incidence by 19% in older individuals with 

a history of vitamin D deficiency when treated with daily 

doses > 700–800 IU/day and when serum 25(OH)D levels 

are increased > 60 nmol/L.443 

Although some individual studies show primary 

fracture risk reduction with vitamin D alone,86 the overall 

evidence from several meta-analyses shows no effect of 

vitamin D treatment alone on fracture risk.87,44 Evidence 

that vitamin D reduces the risk of non-vertebral and hip 

fractures is most compelling with the use of additional 

calcium.11,44 Large annual doses of vitamin D are not 

recommended to either treat vitamin D deficiency or to 

prevent fractures. In addition, the safety of high-dose 

vitamin D supplementation warrants further study, as the 

post-dose levels of 25(OH)D seen in one study using 

500 000 IU (12 500 g) — which achieved serum levels 

of  120 nmol/L — may have had detrimental effects on 

falls and fractures in older women.214 In this regard, 

studies using either monthly vitamin D3 doses of 

50 000 IU (1250 g)223 or a loading dose of 10 daily 

doses of 50 000 IU (1250 g) vitamin D3
444 achieved 

more modest increases in serum 25(OH)D to just above 

the optimal target range (75 nmol/L) at 3 months. 

Vitamin D alone may reduce incidence of primary 

fractures for those who have inadequate serum levels of 

25(OH)D, particularly in institutionalised patients, and 

also when combined with calcium supplements.11,88,89,445 

In women and men aged > 50 years, the combination of 

vitamin D with calcium, but not vitamin D alone, had a 

modest effect in preventing fractures (relative risk 

reductions of 13%–24%), particularly in those with long-

term compliance rates  80%.11 The daily dose of vitamin 

D should be at least 800 IU (20 g), with larger monthly 

doses of 50 000 IU (125 g) being an alternative. 

Despite the limitation of poor adherence in two studies 

examining the effects of vitamin D or calcium, either 

alone or in combination, there is no evidence that they are 

effective in reducing fractures in older women and men 

with pre-existing minimal trauma fractures.13,87 In these 

individuals, anti-osteoporotic drugs should be used 

instead. In women treated with commonly used 

antiresorptive drugs, treatment responses are improved in 

those with optimal serum 25(OH)D levels. In a study of 

women with postmenopausal osteoporosis treated with 

antiresorptive drugs, vitamin D-deficient women (defined 

as < 20 ng/mL or 50 nmol/L) had lower increases in 

annualised spine and hip BMD. Also, fracture incidence 

was higher among the women with deficiency.446 

Thus, a target serum level  50 nmol/L should be aimed 

for in women and men taking antiresorptive drugs to 

optimise skeletal responses. Most patients require 800–

2000 IU (20–50 g) vitamin D per day to achieve these 

levels.447 In addition, serum levels  50 nmol/L will 

minimise the risk of hypocalcaemia following 

bisphosphonate therapy,57,448 and may reduce the severity 

of the acute-phase reaction commonly seen after the first 

intravenous infusion of zoledronic acid.449 

The recent IOM report43 concluded that vitamin D 

deficiency was defined as 25(OH)D < 50 nmol/L. From 

meta-analyses of vitamin D supplementation for falls and 

fracture prevention, the serum 25(OH)D thresholds are 

60 nmol/L and 75 nmol/L, respectively. Thus, in Australia 

it seems prudent to aim for serum concentrations of 

25(OH)D of at least 50 nmol/L at the end of winter or 

60 nmol/L in summer for optimal bone health. To aim for 

this target level of at least 50 nmol/L at the end of winter, 

most Australians will require between 800 IU and 2000 IU 

(20–45 g) of vitamin D3 per day. A recent US Endocrine 

Society guideline was consistent with this and 

recommends that all adults aged 50–70 years and 

> 70 years will require at least 600–800 IU (15–20 g) of 

vitamin D3 per day to maximise bone health and muscle 

function.46 However, to raise the serum level of 25(OH)D 

above 75 nmol/L, as both the Endocrine Society46 and the 

International Osteoporosis Foundation47 recommend, may 

require at least 1500–2000 IU (37.5–50 g) per day of 

supplemental vitamin D; doses of up to 10 000 IU 

(250 g) per day have proven to be safe.46 

Other nutritional influences on bone health 

The role of proteins, minerals and vitamins in bone 

health 

Protein 

In older adults, adequate dietary protein contributes to the 

maintenance of bone health,123 although it is unclear 

whether the source of the protein (animal or vegetable) is 

a major factor in determining the effect. Protein is an 

important component of bone, and higher protein intakes 

have been associated with reduced risk for hip 

fracture126,127 and greater bone density.123,124 Protein 

requirements are increased in older people by about 20%, 

and adequate protein is important in minimising bone loss 

and facilitating calcium absorption.4 Supplementation 

with a high-protein drink after hip fracture has been found 

to reduce bone loss and the length of hospitalisation.450 

With the exception of frail older people on inadequate 

diets, most Australians consume sufficient protein, with 

many consuming protein excess to their dietary 

requirements. 
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Minerals 

Other nutrients may be of biological significance to the 

development and maintenance of bone. These include 

phosphorus, sodium, potassium, magnesium and zinc. 

Phosphorus does not seem to influence skeletal 

homoeostasis within normal ranges of intake, although 

excessive intakes, particularly when combined with low 

calcium intake, may be harmful.451 Foods that are high in 

phosphorus are milk products, animal protein foods (eg, 

poultry, fish, meat and eggs), as well as grains and 

legumes.  

A low-potassium diet increases urinary calcium losses, 

while a high-potassium diet reduces this. Conversely, a 

high-sodium diet increases urinary calcium losses, and 

reducing salt intake reduces urinary calcium excretion.452 

A higher intake of sodium has also been associated with 

lower bone mineral density (BMD).453,454,455  

Several studies in older adults have examined the effect 

of a diet high in fruit and vegetables on BMD;130,132,456 a 

dietary pattern high in fruits and vegetables — which are 

rich sources of potassium — has a beneficial effect on 

BMD. It has also been hypothesised that dietary “acid 

load” contributes to increase systemic acid load and net 

acid excretion, thereby increasing bone loss leading to 

osteoporosis. However, a recent systematic review and 

meta-analysis found no evidence that an alkaline diet was 

protective of bone health.116 

Magnesium is primarily found in bone (50%–60%). 

Dairy products, fruits, vegetables and whole grains are 

good sources of both potassium and magnesium. Dietary 

magnesium interacts with dietary calcium and potassium 

to influence absorption and retention of calcium. 

Magnesium supplementation (1830 mg/day) for 30 days in 

postmenopausal women with osteoporosis may reduce 

bone turnover.457 

Zinc is essential for growth and is required for the 

growth, development and maintenance of healthy bones. 

Zinc has been demonstrated to have a stimulatory effect 

on bone formation and mineralisation. Bone growth 

retardation is seen in conditions associated with zinc 

deficiency. 

In humans, the primary biological functions of copper, 

manganese and boron do not appear to be bone 

metabolism and maintenance of skeletal integrity. A 

severe deficiency of copper will affect bone, but 

intervention studies have reported inconsistent 

findings.458,459,460 

Vitamins 

Vitamin K is a fat-soluble vitamin required for bone 

metabolism, including osteoblastic osteocalcin 

formation.461,462 There are two main forms of vitamin K. 

Vitamin K1 is present in dark green leafy vegetables, 

fruits, and vegetable oils, with small amounts also being 

found in dairy products and grains. Vitamin K2 is found in 

fermented dairy and soy products, fish, meat, liver and 

eggs. Vitamin K is not associated with increased BMD at 

the femoral neck, but is associated with increased BMD at 

the lumbar spine.463 

Vitamin A is a fat-soluble vitamin that is involved in 

bone remodelling. There are different types of vitamin A 

in the diet and in supplements: retinol is found in liver 

and animal products (eg, dairy foods and eggs), and -

carotene and other carotenoids are found in fruits and 

vegetables. Excess retinol may be detrimental to bone 

health at high intakes.464,465 However, there is no 

evidence of any association between -carotene intake 

and osteoporosis or related fractures, indicating that there 

is no risk from consuming large amounts of fruits and 

vegetables rich in -carotene. 

Vitamin C plays an essential role in bone collagen 

synthesis. Fruits and vegetables are good sources of 

vitamin C; vitamin C is particularly found in citrus fruit 

and juices, peppers, broccoli, tomato products and green 

leafy vegetables. Epidemiological studies show a positive 

association between vitamin C and maintenance of bone 

mass.133,466,467 

The role of exercise 

Regular physical activity and exercise is recognised as 

one of the most effective lifestyle strategies to maximise 

peak bone mass during growth. Exercise also has a role to 

play in the prevention of bone loss during ageing. 

However, the osteogenic benefits of exercise are 

dependent on the stage of life and the relative risk of 

fracture. There is strong evidence that growing bone has a 

greater capacity to adapt to increased loading (weight-

bearing exercise) than mature bone.468 Thus, it has been 

suggested that childhood and adolescence may represent 

the optimal “window of opportunity” in which exercise 

can improve bone strength and protect against 

osteoporosis and fragility fractures in old age — if these 

exercise-induced skeletal benefits are maintained into 

later life. Indeed, it has been reported that a 10% higher 

peak bone mass can delay the development of 

osteoporosis by 13 years and reduce the risk of fracture by 

50%.50,51 For this reason, there has been considerable 

interest in quantifying the effects of exercise on bone 

accrual during growth and defining the appropriate mode, 

intensity, frequency and duration of exercise, in addition 

to the precise timing of exercise (childhood or 

adolescence), necessary to optimise bone health early in 

life. 

The influence of exercise on bone 

Exercise effects on bone mass and density 

There is robust evidence9,10,11,12,13,14,15,16,17,18,19,20,21 

that children who participate in moderate- to high-impact 

weight-bearing physical activity interventions experience 

greater gains in bone mineral content (BMC) and bone 

mineral density (BMD) at clinically relevant sites 

compared with less active 

controls.109,110,469,470,471,472,473,474,475,476,477,478,479,480 

Most of these trials included targeted bone loading 

activities (eg, jumping, skipping, hopping, running, 

aerobics, ball games and strength training) and involved 

either extra physical education classes or were additional 

to normal physical education and implemented before or 

after school hours for 3–50 minutes per session, 2–5 times 

per week for 3–36 months. Overall, the exercise-induced 

gains in BMC and BMD typically ranged from 1% to 6% 

in both boys and girls, with the greatest improvement seen 

at the femoral neck. 

Exercise effects on bone structure and strength 

Whether exercise can enhance bone size and geometry 

during growth, which are independent determinants of 

whole bone strength, is less certain. However, this is an 

important clinical question because small changes in the 

structure and internal architecture of bone can 
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significantly increase the mechanical strength of bone 

independent of marked changes in bone mass.481 

Advances in non-invasive bone imaging techniques 

(peripheral quantitative computed tomography [pQCT], 

magnetic resonance imaging [MRI] and dual energy x-ray 

absorptiometry [DXA]-based hip structural analysis 

[HSA]) have made it possible to quantify bone structural 

adaptations to loading and estimate the effect of exercise 

on whole bone strength. In young athletes involved in 

weight-bearing sports that generate moderate- to high-

impact loads (eg, gymnastics, ballet, tennis), there is 

compelling evidence that exercise during growth can 

significantly increase the size, structure and strength of 

bone.482,483,484,485,486,487 In contrast, the findings from a 

limited number of randomised controlled trials (RCTs) 

that evaluated the effect of exercise interventions on bone 

structure and strength using pQCT, MRI or HSA are less 

consistent.471,475,478,479,488,489 This is highlighted by the 

results from a recent systemic review and meta-analysis 

that reported a small but significant effect on lower 

extremity bone strength with exercise in prepubertal and 

early pubertal boys (effect size, 0.17; 95% CI, 0.02–0.32) 

but not in prepubertal girls or adolescent boys or girls.490 

However, these findings should be interpreted with 

caution because only five studies were included in the 

analysis and there was considerable heterogeneity in 

terms of the type and dose of exercise prescribed, the 

study duration (7–24 months) and number of participants 

in each trial. Further long-term and adequately powered 

trials are still needed to address whether exercise can 

enhance the structure and strength of bone during growth. 

Are the benefits of exercise on bone during growth 

maintained into later life?  

An important clinical question that remains unanswered is 

whether the exercise-induced skeletal benefits attained 

during growth are maintained into adulthood and reduce 

the risk of fracture later in life. There is some evidence 

from studies of retired athletes that indicates BMD gains 

during growth may be maintained for up to 20 years.491 

Similarly, the findings from an 8-year follow-up to a 

school-based exercise intervention showed that hip BMC 

was still significantly higher (1.4%) in children from the 

intervention compared with the control group.492 

However, limited data in older retired athletes suggest that 

the effects on bone mass are largely eroded over time,493 

although there is some evidence that exercise-induced 

benefits in bone size and structure may be permanent.494 

In terms of fragility fractures, retrospective studies in 

former athletes examining fracture incidence have 

produced equivocal findings.493,494,495,496 Given the long 

time interval between exposure (exercise during growth) 

and outcome (fracture in the elderly), it is unlikely that we 

will ever have high-level evidence to confidently 

conclude that exercise-induced skeletal gains during 

growth prevent osteoporosis and fractures later in life. 

The development of clinically tested exercise regimens 

It is well known that the skeleton adapts to changes in 

mechanical loading, and that loads (strains) that are 

dynamic, high in magnitude, applied rapidly and in 

unusual or diverse loading patterns are particularly 

effective for stimulating an osteogenic response. In 

addition, relatively few loads or repetitions are needed to 

elicit a positive skeletal response, and separating loading 

exercises into discrete bouts with periods of rest appears 

to optimise skeletal gains. With this knowledge, most of 

the intervention trials in children that were successful 

incorporated a variety of dynamic and diverse weight-

bearing activities, such as jumping, skipping, hopping, 

running, dancing, plyometrics, ball games and step 

aerobics. While it is difficult to determine from these 

trials which exercises are most effective, several 

intervention trials in children have reported positive 

effects on hip bone mass following relatively simple 

jumping programs (eg, 100 box jumps, three times per day 

for 7 months,470 and 10 jumps, three times each school 

day for 8 months497). Overall, there is compelling 

evidence that weight-bearing impact activities are most 

effective for improving bone health. 

Currently, there is a lack of high-level evidence to 

support specific exercise prescription guidelines for 

improving peak bone mass. Many questions still remain as 

to how much, how often, and to what magnitude or how 

long children need to exercise to optimise bone strength. 

In an attempt to quantify the optimal load (intensity) 

needed to enhance bone accrual, several loading exercise 

interventions measured the ground reaction forces 

generated from a variety of impact exercises as a 

surrogate for the skeletal loads (strains) imparted on 

bone.110,470,475,497 These trials showed that loads ranging 

from three to five times body weight were effective for 

producing an osteogenic response,109,110,471,473,474,475,479 

with some evidence that higher loads (up to 8.8 times 

body weight) were associated with greater skeletal 

gains.470 

In terms of training duration and frequency, many of the 

effective school-based interventions prescribed weight-

bearing exercise for 20–50 minutes, two to five times per 

week, for 8–36 months.110,491,495,498,499 However, 

comparable exercise-induced skeletal gains have been 

observed following short periods of weight-bearing 

exercise that involved 3–12 minutes of various jumping 

activities performed 3–5 days per week over 7–

20 months.470,472,473,474,475,476,478,489 

In summary, the available evidence from intervention 

trials indicates that children should engage in a diverse 

range of dynamic, moderate- to high-impact, 

multidirectional weight-bearing activities at least three 

times per week in order to optimise bone health. Whether 

there is an optimal number of loads or dose (duration) of 

training requires further research, but we know that 

school-based interventions that incorporate weight-

bearing activities ranging from 20 to 50 minutes per 

session or more specific targeted jumping interventions 

from 3 to 12 minutes can enhance bone mineral accrual.  

Exercise needs for children 

Several lines of evidence from RCTs indicate that the 

skeletal responses to exercise during growth are maturity 

dependent. Unilateral loading studies of young female 

tennis and/or squash players have reported that bone 

mass, structure and strength are greater in the dominant 

playing (loaded) arm compared with the non-playing arm 

in those players who commenced training before or at 

menarche rather than after menarche.484,500 More recent 

data in pre-, peri- and postpubertal players suggest that 

the greatest skeletal benefits from exercise occurred 

during the prepubertal years because no further side-to-

side differences were detected with advancing 

maturity.482,483,486 
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The highest quality studies suggest that, over the course 

of a school year, both moderate- (eg, team sports) and 

high-impact (jumping-related) exercises can improve bone 

at various skeletal sites for:  

 prepubertal girls and boys (Tanner I)470,501 

 early pubertal children (Tanner II–III)110,488 

 late/postpubertal adolescents (Tanner IV–V).502 

Improvements tend to be greatest at sites subjected to 

the highest load magnitudes and frequencies (lower 

extremities), with changes being more modest as distance 

from site of loading increases (spine and whole body). 

Consistent with these findings, the results from a 

comprehensive systematic review of both randomised and 

non-randomised exercise-controlled trials reported that 

exercise-induced gains in BMC and BMD, averaged over 

6 months, ranged from 0.9% to 4.9% in prepubertal 

children and 1.1% to 5.5% in early pubertal children 

compared with matched controls.469 In contrast, the few 

intervention trials that have been conducted in 

postpubertal children have observed either no additional 

skeletal benefits following exercise498,503,504 or relatively 

small gains.469,488,502 

Exercise has also been observed to improve paediatric 

bone strength by inducing changes in structural 

parameters (eg, cortical thickness and cross-sectional 

moment of inertia);470,501 however, a recent meta-analysis 

of bone strength outcomes concluded that exercise during 

growth enhances bone strength indices in boys only.490 

Considerable sexual dimorphism and maturational 

heterogeneity exist with respect to the degree and site at 

which such bone structural adaptations occur during 

growth.482,505 

Additional long-term exercise trials are required before 

definitive exercise recommendations can be made. 

Nonetheless, bone benefits can be observed in some 

children after even very brief exposure to exercise (3–10 

minutes, 2–3 days per week) if the activity is weight-

bearing in nature and of sufficient intensity (over three 

times body weight).488 In the absence of dose–response 

evidence, however, typical exercise recommendations for 

paediatric bone health are relatively broad: 10–45-minute 

bouts, 3–7 days per week.482,506 Data on the maintenance 

of the osteogenic benefits of childhood exercise through 

to adulthood are lacking, although recent prospective 

Australian observational evidence suggests fitness as a 

child does predict bone mass at age 30, even after taking 

current fitness into account.507 While physical inactivity 

increases fracture risk in children,508 it should also be 

noted that some exercises in children (most notably sports 

participation) may increase both bone mass and fracture 

risk, especially in boys, so there is a need to also consider 

the risks as well as the benefits associated with physical 

activity. 

In summary, it appears that the prepubertal and early 

pubertal years represent the optimal time for exercise to 

enhance bone strength during the first two decades of life. 

Exercise needs for healthy adults, older adults and 

individuals with osteopenia and osteoporosis 

Age-related changes in bone density and fracture risk 

in relation to physical activity patterns over the life 

span 

Differences in age-related bone mass changes are often 

observed between habitually active and sedentary non-

athletic individuals.509,510,511,512,513 Consistent with such 

bone density findings, hip fracture incidence has been 

observed to be as much as 30%–50% lower in older adults 

with a history of higher levels of physical activity in daily 

life, compared with age-matched, less active 

individuals.514,515,516,517,518,519,520 Fewer data are 

available for men, but they are generally consistent with 

the findings for women. Higher physical activity level has 

also been linked to reduced osteoporotic fracture 

prevalence or incidence in older adults. For example, in 

the Study of Osteoporotic Fractures,519 women who 

reported walking for exercise had a significant 30% 

reduction in hip fracture risk compared with women who 

did not walk for exercise. 

Physical activity and bone health in premenopausal 

women 

Trials of exercise and BMD in premenopausal women 

have been the subject of a number of meta-

analyses.52,53,521,522,523,524 Although many of the 

individual trials lacked statistical power to demonstrate 

significant treatment effects, the meta-analyses all concur 

that exercise has positive effects on BMD at the lumbar 

spine in premenopausal women. Aerobic training, high-

impact training (such as jumping), resistance training, and 

combined aerobic and resistance programs all increase 

lumbar spine BMD by about 1% per year on average, 

relative to sedentary controls. Changes at the femoral 

neck or greater trochanter have been assessed less 

frequently in these studies of premenopausal women. 

However, significant changes at the femoral neck have 

been observed in programs that combine weight-bearing 

aerobic and strength training522 and high-impact aerobic 

(jumping/stepping) exercise.525 Significant changes to 

BMD at the trochanter have been observed after isolated 

high-impact exercise, including jumping and skipping,526 

50 jumps 6 days per week,527 and jumping/lower-

extremity resistance training with a weighted vest.528 

The non-skeletal effects of exercise in premenopausal 

women may be equally important for future fracture risk 

and general health. A meta-analysis found that resistance 

training in premenopausal women resulted in significant 

changes in lean mass (+ 2 kg), muscle strength (+ 40%) 

and losses of body fat ( 2%), compared with minimal 

changes in the control groups.521 The most economical 

prescription with the broadest benefits for body 

composition and bone health, as well as neuromuscular 

function, would be resistance training as the primary 

exercise modality. Adding high-impact forces/movements 

may further enhance benefits for the femoral neck or 

trochanter, lower extremity muscle power, and dynamic 

balance.525 

The physiological response in bone and muscle is 

proportional to the magnitude and rate of strain 

imposed,529 and successful programs have used intensities 

at the higher ranges in general. Therefore, moderate- to 

high-intensity progressive resistance training and/or high-

impact training is recommended as the primary intensity 

of planned exercise in this age group. It should be noted 

that high-impact programs have successfully increased 

trochanteric BMD by 3%–4% in young women via jumps 

about 8 cm off the ground. This kind of jump produces 

ground reaction forces that are three to four times body 

weight (thus high impact), but are feasible for non-athletic 

women, are infrequently associated with injuries, and are 

able to be completed in about 2 minutes per day.527 

Two or three days per week of weight-lifting, aerobic 
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exercise, or high-impact programs have been shown to 

augment bone density significantly compared with 

sedentary controls if continued for at least 1–2 years. 

Fifty jumps of 8.5 cm height, 6 days per week over 

6 months were associated with a 2.8% increase in 

trochanteric BMD compared with controls.527 Overall, the 

clinical trials literature would support a recommendation 

of about 40–50 jumps or repetitions of a given weight-

lifting exercise per training day. 

In summary, exercise programs that combine novel- or 

high-impact activity with high-intensity resistance 

training appear most effective in augmenting BMD in 

premenopausal women at the femoral neck and lumbar 

spine. High-impact-alone protocols (such as jumping) 

are effective only on hip BMD in this group.52 For 

isolated resistance training in premenopausal women, 

the relative BMD change for lumbar spine was almost 

1%,53 whereas femoral neck BMD changes were not 

significant. Further RCTs of resistance training in 

premenopausal women of sufficiently long duration and 

providing optimum type, intensity and volume of 

loading are required.53 

Physical activity for postmenopausal women and older 

men 

Recent meta-analyses54,524,530 suggest that the beneficial 

effect of exercise on bone density in older adults is both 

modality and intensity dependent. Clinical trials of low-

impact, low-intensity exercises, such as stretching, 

calisthenics or low-intensity weight-lifting exercise, in 

postmenopausal women have not been shown to 

significantly improve bone density compared with 

controls at any site.54,531 Walking alone has not been 

shown to significantly improve BMD at the spine or hip, 

or to reduce fractures in RCTs.54,530 Thus, older 

recommendations532 suggesting that weight-bearing 

exercise, such as simple walking, is sufficient for 

optimisation of bone health are not consistent with the 

current evidence base.530 It is likely, therefore, that the 

benefits of walking on fracture risk noted in 

epidemiological studies519 are multifactorial, rather than 

being attributable to higher bone density alone in 

physically active individuals. 

Modality of exercise 

In general, the older the individual, the more favourable 

resistance training appears to be. Effective resistance-

training regimens have usually involved high-intensity 

training (70%–80% of peak capacity as the training load), 

which is progressed continually over the course of the 

intervention.521,533,534 Kohrt and colleagues535 found that 

both aerobic activities with high ground reaction forces 

(eg, combined walking, jogging, stair climbing) and 

exercises with high joint reaction forces (eg, weight-

lifting, rowing) significantly increased the BMD of the 

whole body, lumbar spine, and Ward’s triangle, but that 

only aerobic activities with high ground reaction forces 

increased BMD at the femoral neck.535 The weight-lifting 

group preserved femoral neck BMD relative to controls, 

as has been seen in other resistance-training studies.534,536 

However, lean mass and muscle strength increased only in 

the weight-lifting group. Consideration of non-skeletal 

risk factors for osteoporotic fracture (such as muscle 

weakness, poor balance, sarcopenia) favours high-

intensity resistance training over high-intensity aerobic 

training.521,535,537,538 

Intensity of resistance training 

The predominant training factor that appears to influence 

effectiveness of exercise on bone is the intensity and 

novelty of the load, rather than the number of repetitions, 

sets, or days per week, or even the total duration of the 

program. A study comparing two different intensities of 

weight-lifting exercise in postmenopausal women539 

found that 1 year of strength training at high intensity 

(three sets of eight repetitions) significantly increased 

BMD at the femoral trochanter, intertrochanteric site and 

Ward’s triangle, as well as the ultradistal forearm, 

compared with low-intensity training (three sets of 20 

repetitions), which produced no significant changes in 

BMD at any site except the mid forearm. In healthy older 

men, high-intensity resistance training has been shown to 

increase BMD at the lumbar spine and greater trochanter 

compared with controls,540 similar to results in older 

women. One of the few studies of older men and women 

with physical frailty compared low-intensity home-based 

physical therapy with supervised high-intensity resistance 

training.541 The high-intensity weight-lifting group had 

significantly better BMD of both the whole body and 

Ward’s triangle compared with the low-intensity exercise 

group at the end of the study, again demonstrating the 

superior efficacy of more intensive exercise. Changes in 

muscle strength were correlated with changes in BMD 

only in the high-intensity group. A meta-analysis54 of 

low-intensity strength training found no benefit at any 

skeletal site. A randomised trial542 of postmenopausal 

women participating in a multimodal exercise program 

reported significant bone density improvements at the 

trochanter; the BMD changes were significantly and 

linearly related to total weight lifted, but not to the 

volume or quality of the non-resistance training 

components of the program. High-intensity resistance 

training is also more beneficial than low-intensity training 

for muscle strength gains and muscle hypertrophy, as well 

as associated functional impairments, obesity, depression 

and metabolic health. Accordingly, this modality is ideal 

as a multiple risk factor intervention strategy for older 

adults with multiple comorbidities.534,543,544,545,546,547,548 

Thus, it is important to consider not only the optimal 

modality of exercise, but also the relative intensity, as 

skeletal and other adaptations are critically linked to the 

intensity of the loading (whether due to increased amount 

of weight lifted during resistance training, or higher 

ground reaction forces during aerobic or jumping 

activities). 

Isolated high- or novel-impact exercise in older women 

The wealth of data on impact exercise in children and 

younger women is not matched in older adults, attesting 

in part to the difficulties encountered in implementing this 

form of exercise when arthritis and other health 

conditions are prevalent. A study that randomly assigned 

postmenopausal women to heel drops (1.5 times body 

weight) or control conditions found no difference in BMD 

after 12 months, perhaps due to the smaller impact of this 

regimen compared with jumping.549 A subsequent study 

reported that the same jumping intervention (50 jumps, 

6 days per week) successfully used in premenopausal527 

women did not significantly improve BMD in 

postmenopausal women exercising for 12 months. A 

recent meta-analysis524 of controlled trials in 

postmenopausal women found that high- or novel-impact-

only protocols were ineffective in increasing BMD at any 
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site. Thus, as seen in premenopausal women, combined 

programs of resistive and high-impact loading (when 

feasible) would appear to be the most beneficial approach 

in older women. 

Exercise for older adults with osteopenia, osteoporotic 

fracture and frailty 

In addition to the above considerations on modality and 

intensity of exercise for healthy postmenopausal women, 

activity recommendations for the older age group with 

osteopenia or osteoporosis should include avoidance of 

forward flexion of the spine, particularly while carrying 

an object (eg, lawn bowling, bending over to pick up 

something from the floor, or doing sit-ups with straight 

legs). Such actions increase the risk of anterior 

compression fractures of the thoracic vertebrae in the 

presence of osteopenia. Similarly, high-risk activities or 

hazardous environments that may lead to falls in those 

with poor balance are best avoided. The rationale and 

benefit of high-intensity progressive resistance training 

for sarcopenia and its sequelae537 will likely exceed the 

benefits for BMD itself in this cohort. 

In older men and women who have already sustained an 

osteoporotic fracture, exercise is extremely important to 

assist in recovery of function,550 improve quality of 

life,551 and prevent recurrent injurious falls.552 

Progressive resistance training has been shown to be 

superior to standard physical therapy during the recovery 

from hip fracture in elderly patients. In addition, 

resistance training has been shown to be a useful 

adjunctive treatment for depression in the elderly, which 

is of importance because antidepressant medications are 

known to increase the risk of falls and hip fracture.553,554 

A combination of resistance training and balance training 

may offer the best approach to rehabilitation in this 

setting, as it optimally targets the remediable 

physiological risk factors for falls, fractures and disability 

for older individuals with prior osteoporotic fracture.  

There is a large burden of potentially treatable risk 

factors for mortality, frailty and recurrent injurious falls in 

older adults who have sustained a hip fracture.555,556,557 

However, current clinical treatment pathways still focus 

primarily on repair and rehabilitation of the fracture itself 

rather than the underlying frailty.81,558,559,560 Few 

physical therapists prescribe robust resistance training to 

improve muscle strength,561 despite its recognised role in 

osteoporotic fracture and frailty. Poor outcomes may 

theoretically be improved through inclusion of robust 

strategies designed to target modifiable predictors of 

frailty. In one RCT, 1 year of high-intensity progressive 

resistance and balance training, combined with a targeted 

multifactorial intervention directed at major predictors of 

frailty, reduced both mortality and nursing home 

utilisation by more than 80% at 12 months after hip 

fracture.562 Additional trials are required to confirm and 

extend these findings. 

Summary of evidence 

The role of exercise with respect to osteoporotic fracture 

prevention and treatment is life-stage specific, localised to 

the site of loading, and highly modality and intensity 

dependent. The goal of exercise and physical activity 

shifts from the attainment of peak bone mass in childhood 

and adolescence to the optimisation of muscle and bone 

strength in young adulthood, and the attenuation of bone 

loss in the perimenopausal years. Thereafter, the focus is 

on the prevention of sarcopenia in postmenopausal 

women and, finally, on addressing risk factors for frailty 

and falls in older men and women, particularly 

impairments of balance and sarcopenia.  

Habitual exercise has been found to have a relatively 

potent effect on BMD in epidemiological and cross-

sectional investigations.510,563,564 Both weight-bearing 

aerobic exercise515,538,565,566,567,568,569,570 and high-

impact and resistive exercises534,571,572,573,574,575 have 

had positive effects in experimental trials. Evidence 

suggests that a stabilisation or increase in bone mass in 

premenopausal women is achievable with either high-

loading resistive,521,533,534,540,576 weight-bearing 

moderate-impact aerobic exercise511,512,565,566,570,577 or 

high-impact loading, particularly if combined with 

resistance training.526,578  

In postmenopausal women, neither high-impact 

exercise alone nor low-intensity resistance training 

significantly improves bone density,54 but high-intensity 

resistance training or the combination of high-impact 

exercise and high-intensity resistance training is 

effective.54,578 These effects on bone density (differences 

of 1%–2% per year associated with exercise) may be 

important for both the prevention and treatment of 

osteoporosis and related fractures and disability, as 

reviewed in several recent meta-

analyses.522,523,579,580,581 Walking alone in 

postmenopausal women improves bone density by a 

small amount of questionable clinical relevance,530 and 

these effects at the lumbar spine or the hip in the most 

recent meta-analysis are heterogeneous and not 

statistically significant. In general, because the effects of 

muscle contraction on bone appear to be primarily 

regional (ie, electromagnetic field stimulation of 

osteoblast function) rather than systemic, it is advised 

that muscle groups connected to bones of relevance to 

osteoporotic fracture be emphasised in exercise programs 

(eg, spinal extensor muscles, hip abductors, hip 

extensors, knee extensors, knee flexors), as well as those 

related to gait and balance (eg, ankle plantar flexors and 

dorsiflexors, inverters and everters, hip abductors).  

In frail and very elderly adults, little is known about the 

effects of exercise on bone density itself. However, 

resistance training and balance exercises in combination 

reduce falls and risk factors for frailty, including 

sarcopenia, poor balance, gait instability, depression, fear 

of falling and cognitive impairment. When prescribed 

with multidisciplinary geriatric care, these interventions 

have been shown to improve outcomes after hip fracture, 

such as functional dependency and mortality.562 

An emerging body of evidence suggests that 

multimodal exercise — inclusive of weight-bearing/high-

impact/high-intensity resistance exercise — significantly 

reduces overall fracture risk.54 By contrast, single 

modality exercise of any type does not appear to reduce 

fracture risk,54 with the possible exception of spinal-

extensor muscle resistance training, which has been 

shown to significantly reduce thoracic vertebral fracture 

incidence.54,55 Additional data are needed in men, and on 

fracture prevention, as is refinement of the exercise 

prescription for bone health and fracture treatment. For 

various cohorts (eg, male/female, those with 

osteopenia/osteoporosis), much more needs to be known 

in terms of the optimal modality, dose, frequency and 

intensity of activity to be recommended. 
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Other considerations in the maintenance of 

healthy bones 

Role of antiresorptive and anabolic agents in the 

maintenance of healthy bones 

The management of osteoporosis has several stages, all of 

which are focused on prevention. A healthy lifestyle, with 

adequate physical activity, adequate nutrition, and 

avoidance of excessive alcohol and smoking, is 

considered important in optimising peak bone mass and in 

helping maintain healthy bones in later life. However, 

many people have medical conditions and require 

treatments that also contribute to relatively poor bone 

health.582,583,584 In addition, a major part of the risk of 

osteoporosis is related to heritable factors.585 Indeed, 

evidence from twin and family studies indicates that 

roughly 75% of measured differences in bone density are 

directly inherited. Thus, many people reach older age with 

good bone density despite a less than ideal lifestyle. 

Perhaps more importantly, many people reach older ages 

with poor bone health, despite having maintained a 

healthy lifestyle.  

An important aspect of osteoporosis management is that 

the peak of fracture prevalence is in the relatively young 

old; that is, it occurs before the age of 75 years.586 While 

each individual’s risk of fracture increases with advancing 

age, the overall number of individuals decreases with age, 

so the overall fracture prevalence then declines. 

In addition to encouraging a healthy lifestyle 

throughout life, it is therefore critical to focus on offering 

appropriate treatment to people who are at increased 

fracture risk. The Garvan Institute Fracture Risk 

Calculator (http://garvan.org.au/promotions/bone-

fracture-risk/calculator) has been validated in both men 

and women internationally. The Garvan Institute Fracture 

Risk Calculator takes into account age, sex, bone mineral 

density (BMD) (if available), prior fracture history, and 

falls within the previous 12 months to estimate an 

individual’s absolute risk of hip fracture and of other 

fragility fractures in the next 5 and 10 years. This 

calculator can and should be used as a starting point for 

discussions with an individual about his or her choices of 

treatment. An alternative risk calculator is the Fracture 

Risk Assessment Tool (FRAX; http://www.shef.ac.uk/ 

FRAX/tool.aspx?country=31), which was developed by 

the World Health Organization and also has been 

calibrated using an Australian population cohort.587 

In individuals at high fracture risk, especially those 

who have already had previous fractures, there is no doubt 

that specific anti-osteoporosis therapy is warranted. These 

treatments are not perfect but they have been shown to be 

efficacious — about halving subsequent fracture risk — 

and are well tolerated.56,57,58,59,60,61,62,63,64,65,66 The 

various treatments discussed below have been evaluated 

in placebo-controlled randomised controlled trials (RCTs) 

with fracture end points. However, they have not been 

compared head-to-head with fracture end points in RCTs. 

In Australia, these treatments are covered by the 

Pharmaceutical Benefits Scheme (PBS) for both men and 

women after fragility fracture, as well as for those at high 

risk, without prior fracture, on the basis of age and BMD 

T score.67 

Hormone therapy 

In women, bone loss accelerates with the onset of 

menopause, and postmenopausal hormone therapy — 

oestrogen or oestrogen plus progestin — at this time will 

prevent this bone loss or at least minimise it. RCTs have 

shown that oestrogen therapy with or without progestin 

significantly reduces both vertebral and hip 

fractures.588,589 Postmenopausal hormone therapy is most 

suitable for the recently menopausal woman; particularly 

for those with menopausal symptoms and more 

particularly for those with an early menopause. This 

therapy is not recommended for postmenopausal women 

presenting with osteoporosis without menopausal 

symptoms and more than 10 years past the menopause. 

Bone density can be maintained with small doses of 

oestrogen, less than conventional doses,590,591 but bone 

loss will resume when treatment is stopped.  

Whether used for the prevention of osteoporosis or for 

menopausal symptoms, women should be fully informed 

about the data for hormone therapy, as it is known that the 

risk of breast cancer is increased from long-term use of 

continuous combined oestrogen plus progestin therapy 

and that there is an increased risk of thrombotic disease 

with oral preparations. Cardiovascular risk is not 

increased when therapy is started within 10 years of the 

menopause.592,593 

Antiresorptive therapy 

The major component of antiresorptive therapy is the 

bisphosphonates; these are now available in multiple 

formulations: oral weekly (alendronate and risedronate), 

oral monthly (risedronate), and intravenous annually 

(zoledronic acid). 

The oral preparations are poorly absorbed (< 1% of the 

dose) even when taken correctly (ie, fasting with plain 

water and waiting half an hour to 1 hour before 

breakfast).594 More recently, one of the oral preparations 

(risedronate) has become available in an enteric-coated 

weekly formulation that includes some 

ethylenediaminetetraacetic acid (EDTA).595 The major 

advantage of this new formulation is that it can be taken 

with breakfast, although not at the same time as calcium 

supplements; this may facilitate its correct usage and thus 

ease issues with patient adherence, just as the weekly and 

monthly preparations were major advances over the daily 

formulations. The intravenous annual formulation has the 

additional advantage of direct recording and observation 

of use and thus improved adherence. 

A new antiresorptive therapy is the human antibody 

against the osteoclast growth and survival factor, anti-

RANK ligand (denosumab). This is given as a 

subcutaneous injection every 6 months. 

In large-scale, multinational pivotal studies, each of these 

antiresorptive agents has been shown to reduce the risk of 

vertebral fractures by 50%–70%, severe or multiple 

vertebral fractures by up to 90%, hip fractures by around 

40%, and other non-spine, non-hip fractures by around 

30%.56,57,58,59,60,61,62,63,64,65,66 It is worth noting that in 

some of the RCT studies, the use of antiresorptive agents 

has been associated with reduced mortality that is not 

explained by reduced fracture risk per se.62,596  

However, use of these agents has been associated with 

side effects.597 The most common, although still not 

frequent, are upper gastrointestinal symptoms with oral 

bisphosphonates. These symptoms are generally mild but 

their possibility should alert the practitioner with respect to 

patients with known pre-existing gastrointestinal problems. 

On the other hand, the use of H2-receptor antagonists does 

not interfere with bisphosphonate absorption. 
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The intravenous bisphosphonates are associated with an 

acute flu-like illness for a few days in about one in four 

individuals. However, this can be largely controlled with 

oral antipyretic analgesics and, even if it does occur, is 

usually less severe with subsequent infusions. Intravenous 

bisphosphonate use also requires both adequate vitamin D 

levels, to minimise risk of transient hypocalcaemia, and 

adequate renal function, as transient deterioration of renal 

function has been reported. It makes sense to minimise 

this risk in older individuals by ensuring adequate 

hydration and slowing the infusion rate if concerned.598 

The anti-RANK ligand antibody denosumab has been 

associated in one study with more skin infections; this 

was not seen in a longer extension of the same study.598 

There is also a theoretical concern about its use with other 

biological agents (eg, for rheumatoid arthritis). 

Longer-term use of potent antiresorptive agents, both 

bisphosphonates and denosumab, has been associated with 

osteonecrosis of the jaw.599,600 This has very largely been 

reported in the treatment of individuals with actual or 

potential skeletal metastases from malignancy, where the 

doses used are much greater (10–20-fold). In osteoporosis 

treatment, cases of osteonecrosis of the jaw may occur but 

are very uncommon and are generally much milder forms 

than in cancer treatment scenarios or are associated with 

dental procedures. These milder forms of this condition 

have also been noted to heal even while antiresorptive 

treatment was continued. 

More recently, atypical fractures have been reported 

after long-term use of bisphosphonates for osteoporosis; 

no causal relationship has been proven and reports have 

been associated with all the bisphosphonates, including 

alendronate, risedronate and zoledronate.601 In one of the 

best datasets from Kaiser Permanente, the incidence of 

these atypical fractures only started to increase after about 

8 years of use and was then about 78 events per 100 000 

person-years of treatment.602 

Non-antiresorptive agents 

These include two agents, one specifically anabolic, 

teriparatide, and one agent with effects on both formation 

and resorption markers, strontium ranelate. 

Based largely on its cost, teriparatide has been 

restricted in use on the PBS to those with “treatment 

failure”; that is, patients with further fractures after at 

least a year of effective antiresorptive therapy or patients 

with severe osteoporosis and intolerance to antiresorptive 

therapy. The studies of this agent were cut short due to 

osteosarcoma development in an animal safety model; this 

has not currently been reported in humans. In the initial 

shortened studies, teriparatide effectively reduced non-

vertebral fractures in women and non-vertebral fractures 

in both men and women. It is well tolerated, with the most 

common adverse effect being leg cramps.598 Importantly, 

after the 18-month (one in a lifetime) course of 

teriparatide therapy currently approved, the accrued 

benefits will be lost if antiresorptive therapy is not 

instituted. 

Strontium ranelate is taken once a day, usually before 

bedtime, and away from food or mineral supplements. It 

is generally well tolerated, although some patients note 

transient diarrhoea or skin rashes. The risk of deep venous 

thrombosis is also slightly increased. It has been shown to 

be effective in reducing fragility fractures (spinal and 

non-spinal) in postmenopausal women with osteoporosis. 

As a prespecified study end point, strontium ranelate has 

been shown to have efficacy in older women and has 

demonstrated similar efficacy in men in registration 

studies.598 

Drug “holiday” 

At times, it has been suggested that a treatment “holiday” 

can be offered to patients after 5–10 years of treatment 

with antiresorptive therapy. This is largely based on a 

single small study that showed some retention of benefit 

after 5 years of treatment.68 However, although the report 

stated there was no increase in non-vertebral fractures off 

treatment, it also noted there was a significant increase in 

clinical (ie, symptomatic) vertebral fracture events. 

Moreover, the women in this study had BMD levels at 

which we would not generally recommend treatment at all 

in Australia.  

Each of the antiresorptive agents has some extension of 

benefit after cessation of administration that ranges from 

6 months (denosumab) to up to a year or so (with a longer 

exposure to the bisphosphonates). 

Despite the persistence of benefit, there is no evidence 

to support a drug holiday in individuals with severe 

osteoporosis. If a drug holiday is planned, a plan must 

also be put in place to review the patient regularly. It 

seems prudent to reinstate therapy if there is any further 

bone density decline, which is usually preceded by an 

increase in bone turnover marker levels.  

In summary, there is a range of effective treatments that 

are well tolerated, with good safety profiles. Masterly 

inactivity on the behalf of the practitioner and not 

initiating treatment to reduce the risk of future fracture 

events is no longer justifiable in any person with a 

fragility fracture. 

Bone density testing — what is ideal? 

Until the latter half of the 20th century, the clinical 

diagnosis of osteoporosis was based on the use of 

conventional radiography, which is insensitive to bone 

loss or the development of an osteoporotic fracture. This 

approach resulted in late diagnosis and the consequent 

economic costs of fracture management. Over the past 

four decades, a number of techniques have been 

developed that provide an unprecedented ability to assess 

bone strength, most commonly quantified using the 

surrogate of BMD. These techniques allow the diagnosis 

of osteoporosis at an earlier stage, before fracture, with 

the result of being able to implement cost-effective 

antifracture therapies. These techniques also allow the 

monitoring of bone loss and treatment responses when 

BMD is remeasured after 2 years. The techniques in 

common clinical use are dual energy x-ray absorptiometry 

(DXA) and quantitative computed tomography (QCT). 

Other technologies available include peripheral QCT 

(pQCT) and, more recently, high-resolution 

microcomputed tomography;603 while these techniques 

hold great promise, they are currently mainly used in 

research and will not be discussed here. Similarly, 

magnetic resonance imaging to image bone microstructure 

at high resolution remains a research tool for specialised 

centres. Quantitative ultrasound is an interesting 

technology that has utility in fracture risk prediction;604 

however, due to its inability to assess central skeletal 

sites, lack of standardisation and the lack of evidence for 

the use of results in guiding therapy, it is not used 

extensively in mainstream medicine. 
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Dual energy x-ray absorptiometry 

Dual energy x-ray absorptiometry, due to its safety, low 

cost and ease of access, is now generally accepted as the 

gold standard for measuring BMD (g/cm2). It has high 

reproducibility and a low radiation dose of approximately 

5 Sv.604 In clinical practice, the regions most commonly 

measured using DXA are the lumbar spine and the 

proximal femur. In the latter, only measurements of the 

transcervical neck of femur and the total proximal femur 

regions are recommended for clinical use.69 The 

interpretation of BMD depends on comparison with 

reference ranges, which are used by the DXA scanners to 

generate T scores (a comparison to the young normal 

mean) and Z scores (a comparison to the age-matched 

mean). Differences in reference ranges between DXA 

machine manufacturers have in the past caused 

problems,605,606,607 but this has been partly overcome in 

Australia by the widespread, but not universal, adoption 

of the Geelong reference ranges.608 A third skeletal site, 

the mid-shaft of the radius (1/3 site), is also used in 

clinical practice but is hindered by a lack of conversion 

equations that would allow standardisation of reference 

ranges across DXA manufacturers.  

The clinical utility of DXA to guide therapy is well 

documented in numerous drug trials that have 

demonstrated that, in patients chosen on the basis of 

DXA-derived low BMD, therapy can significantly reduce 

the risk of subsequent fracture.609 

Quantitative computed tomography 

Quantitative computed tomography uses conventional CT 

scanners to derive volumetric bone mineral density 

(vBMD) (g/cm3) at skeletal sites of interest, typically the 

vertebral column and the proximal femur.610 The WHO 

BMD definition of osteoporosis is not applicable to QCT-

derived vBMD, and this has hindered a standardised 

approach to interpretation of the results. More recently, 

however, software allowing the conversion of proximal 

femoral volumetric data (g/cm3) into the areal BMD of 

DXA (g/cm2) has allowed the use of DXA-derived 

reference ranges and the application of the WHO 

diagnostic criteria for osteoporosis and osteopenia.611  

A number of cross-sectional studies have demonstrated 

the utility of QCT in distinguishing osteoporotic 

individuals from normal controls.612,613 However, there 

are very few longitudinal studies demonstrating the utility 

of QCT-derived vBMD to predict fracture risk and, to 

date, these have not demonstrated any superiority to 

DXA.614 There are also no large drug trials demonstrating 

the utility of QCT in guiding therapy in osteoporotic 

patients. One other major issue of QCT is radiation dose. 

While the radiation dose of spinal QCT is relatively low 

at about 50 Sv (compared with a smaller 5 Sv for 

DXA),604 in the proximal femur, QCT results in a 

significantly higher radiation dose than DXA, typically in 

the range of 500–1000 Sv.615 

Due to the above limitations, QCT is currently less used 

than DXA in the management of osteoporosis. 

Recommendation 

The current ideal is the use of DXA to assess fracture risk 

by measuring lumbar spine and proximal femoral BMD in 

all high-risk individuals.69 In addition, the use of DXA to 

screen asymptomatic individuals may be worthwhile at 

age 65 or 70 years.70,71 Currently, Australian Medicare 

funds this approach in subjects over the age of 70. 

The clinical utility of DXA and QCT in Australia is 

hampered by the lack of adequate training of many 

technologists performing the scans. While there are high-

quality training courses available, many radiographers and 

nuclear medicine technologists licensed to perform bone 

densitometry have limited training. In addition, reporting 

of DXA scans is undertaken by a wide range of 

specialists, and while many have undertaken dedicated 

courses, a large number of specialists in the field have 

never undertaken specific training. 

The ideal use of DXA and QCT would be enhanced by:  

 adoption of standardised reference ranges across 

Australia  

 adequate training and accreditation of all bone density 

technologists 

 adequate training and accreditation of all reporting 

medical specialists 

 adoption of absolute fracture risk assessments into the 

medical treatment models 

 confining the use of QCT to specialists managing 

patients with osteoporosis. 

Falls prevention 

The Australian and New Zealand Society for Geriatric 

Medicine (ANZSGM) develops policy and practice 

relevant to geriatric medicine. On the subject of falls 

prevention, the ANZSGM recognises the 2010 update of 

the American Geriatrics Society and British Geriatrics 

Society clinical practice guideline Prevention of falls in 

older persons.616 This guideline makes the following 

recommendations with respect to screening and 

assessment of falls for older people:  

1. An older person who reports a fall should be asked 

about the frequency and circumstances of the fall(s). 

2. Older individuals should be asked whether they 

experience difficulties with walking or balance. 

3. Older persons who present for medical attention 

because of a fall, report recurrent falls in the past year, 

or report difficulties in walking or balance (with or 

without activity curtailment) should have a 

multifactorial fall risk assessment. 

4. Older persons who cannot perform or perform 

poorly on a standardised gait and balance test should 

be given a multifactorial fall risk assessment. 

5. Older persons who report a single fall in the past 

year should be evaluated for gait and balance. 

6. Older persons who have fallen should have an 

assessment of gait and balance using one of the 

available evaluations. 

7. Older persons who have difficulty or demonstrate 

unsteadiness during the evaluation require a 

multifactorial fall risk assessment. 

8. Older persons reporting only a single fall in the past 

year and reporting or demonstrating no difficulty or 

unsteadiness during the evaluation do not require a fall 

risk assessment. 

9. A clinician (or clinicians) with appropriate skills and 

training should perform the multifactorial fall risk 

assessment. 

10. The multifactorial fall risk assessment should 

include the following:  

A. Focused History 

[…] 
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B. Physical Examination 

[…] 

C. Functional Assessment 

[…] 

D. Environmental Assessment 

[…] 

This section provides a summary of falls risk 

assessment and fall prevention strategies for older people 

in the community, hospitals and residential aged care 

facilities (RACFs). Detailed information on these topics is 

provided in the Preventing falls and harm from falls in 

older people: best practice guidelines for Australian 

residential aged care facilities, 2009617 and Preventing 

falls and harm from falls in older people: best practice 

guidelines for Australian community care, 2009618 

documents prepared by the Australian Commission on 

Safety and Quality in Health Care. 

Screening 

Falls risk screening provides an efficient means of 

identifying the individuals at greatest risk of falling who 

should have a comprehensive falls risk assessment 

performed. Falls risk screening generally involves 

reviewing only up to five brief items. A simple, easy-to-

administer screen is to ask older people about their history 

of falls in the past 12 months and to assess their balance 

and mobility status. Those people with a history of one or 

more falls in the past year and who perform poorly in a 

simple test of gait or balance should be assessed further 

(Box 6). 

Assessment 

Assessment tools provide detailed information on the 

underlying deficits contributing to overall risk and should 

be linked to evidence-based tailored interventions. 

Assessing falls risk typically involves either the use of 

multifactorial assessment tools that cover a wide range of 

falls risk factors (Box 7), or individual functional mobility 

assessments, which focus on the physiological and 

functional domains of postural stability, including vision, 

strength, coordination, balance and gait (Box 8). 

In order to develop an individualised care plan for 

preventing falls, the factors contributing to a person’s 

increased risk of falling need to be systematically and 

comprehensively identified. The risk factors presented in 

Box 8 have been identified as being more prevalent in 

people who fall compared with those who do not and 

should be assessed and managed if present.  

6 Falls risk screening tools 

Setting Screening tool 

Community The timed “get up and go” test measures 

the time taken to rise from a chair, walk 

3 m (with the patient’s usual assistive 

device), turn, return to the chair, and sit 

down. A time of 12 seconds or more 

indicates increased risk of falls.619 

Hospital 
(subacute) 

The St Thomas’s Hospital Risk 

Assessment Tool In Falling Elderly 

Inpatients (STRATIFY) contains five 

clinical fall risk factors. A positive score 

on  2 out of five items indicates 

increased risk of falls.620 

Hospital 

(acute) 

It has been suggested that clinical 

judgement to classify a patient as high 

risk for falls is equal to or even better 

than the use of screening tools.621 

RACFs Two different falls risk screening tools 

are required:622  

 In people who can stand unaided, 

having poor balance or a positive 

score on two other risk factors (ie, 

previous falls, nursing home 

accommodation, or urinary 

incontinence) indicates an increased 
falls risk. 

 In people who cannot stand unaided, 

having any one of three risk factors 

(previous falls, hostel residence, and 

using nine or more medications) 
increases the risk of falling twofold.  

RACF = residential aged care facility.   

 

7 Multifactorial falls risk assessment tools 

Setting Assessment tool  

Community QuickScreen
 
Clinical Falls Risk 

Assessment is a risk assessment tool 

designed specifically for general practice 

and assesses previous falls, medication 

usage, vision, peripheral sensation, 

lower limb strength, balance and 

coordination.623  

Hospital 

(subacute) 

The Peninsula Health Falls Risk 

Assessment Tool (FRAT) has three 

sections: (1) falls risk status, (2) risk 

factor checklist, and (3) action plan.624 

Hospital 
(acute) 

Twelve components are included in the 

patient’s care plan dealing with both 

intrinsic risk factors and environmental 

risk factors.625 

RACFs Relatively few general falls risk 

assessment tools have been developed 

for use in RACFs, but the FRAT can also 

be used here.624 

RACF = residential aged care facility.  

 

8 Falls risk factors and validated assessment 

tools  

Risk factor Assessment tool 

Impairments in 

balance and gait 

Tinetti Performance-Oriented 

Mobility Assessment Tool626 

Cognitive impairment Mini-Mental State 

Examination627 

Incontinence Urinary and faecal assessment 

Problems with feet 

and footwear 

Foot pain, safe-shoe checklist  

Syncope/dizziness Tilt-Table Test628 

Medications  Medication review 

Poor vision Snellen eye chart 

Environmental 

hazards 

Westmead Home Safety 

Assessment629 
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Falls prevention strategies 

There is now strong evidence from randomised controlled 

trials to support both single (Box 9) and multifactorial 

(Box 10) interventions in the prevention of falls in older 

people. 

Exercise has been shown to be successful as a single 

intervention strategy in community-dwelling 

populations631 and is also effective in RACFs when part 

of multifactorial interventions.635 Exercise covers a wide 

range of physical tasks (balance, strength, flexibility, etc) 

delivered in numerous formats, some of which are likely 

to result in greater reductions in falls than others. 

Exercises should include balance training at a moderate to 

high intensity and should be ongoing.631 Overall, it is 

recommended that people aged between 60 and 80 years 

should be guided towards participating in tai chi group 

sessions with functional balance exercises if they have a 

low falls risk, and towards more targeted group-based 

exercise classes if they have a moderate falls risk. In 

people at high falls risk or who are older than 80 years, an 

individually tailored exercise program in the home, such 

as the Otago Exercise Programme, is likely to be most 

beneficial. 

Multifactorial interventions involve identifying a range 

of risk factors associated with falls and offering 

interventions based on the identified risk profile (Box 10). 

Multifactorial interventions have been shown to be 

effective in a number of settings, and it is worth noting 

that in hospitals and RACFs, only multifactorial 

interventions have been shown to be effective in 

preventing falls. 

 

 
  

9 Successful single interventions in the 
community630 

Risk factor Single intervention 

Impairments in 

balance and gait 
Exercise*631 

Problems with 

feet and footwear 

Multifaceted podiatry intervention 

consisting of foot orthoses, advice 

on footwear, home-based foot and 

ankle exercises, and routine 

podiatry care632 

Syncope/ 

dizziness 

Cardiac pacing in people with 

carotid sinus hypersensitivity and a 
history of syncope-related falls 

Medications  Gradual and supervised withdrawal 
of psychoactive medications 

Collaborative review and 

modification of medication by 

general practitioners and 
pharmacists 

Vitamin D and calcium 
supplementation 

Poor vision Cataract surgery as soon as 

practicable for older people with 

visual impairment primarily related 
to cataracts 

A home safety assessment and 

modification program designed to 

prevent falls for people with severe 
visual impairment  

Provision of single-lens glasses 

should be considered for older 

people wearing multifocal glasses 

who take part in regular outside 

activities633  

Environmental 

hazards 

Occupational therapy interventions 

incorporating education and home 

hazard modification for high-risk 

older people634 

* Exercise is described in detail in the text.  

10 Successful multifactorial interventions in 
different settings630,635 

Setting Components of multifactorial intervention 

Community In older people at risk of falls, 

individualised assessment leading 

directly to tailored interventions is 

recommended 

Hospital  Different combinations of supervised 

exercise and balance training, education, 

medication review, vitamin D with 

calcium supplementation, environmental 

review, walking aids and hip protectors 

have been successful at reducing falls in 
hospital 

RACFs Different combinations of supervised 

exercise and balance training, staff 

education, medication review, vitamin D 

with calcium supplementation, 

environmental adaptations, and hip 

protectors have been successful at 

reducing falls in RACFs 

RACF = residential aged care facility.   
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Glossary 

  

Term Definition 

Adequate intake (AI) Adequate intake is used when an estimated average requirement or recommended dietary 

intake cannot be developed; the average intake level is based on observed or 

experimentally determined approximations or estimates of nutrient intakes by a group (or 
groups) of apparently healthy people that are assumed to be adequate.  

Bone mineral density 

(BMD) 

Bone density (or bone mineral density) is a medical term referring to the amount of matter 

per cubic centimetre of bones. BMD is used in clinical medicine as an indirect indicator of 

osteoporosis and fracture risk. This medical bone density is not a true physical “density”, 
which would be measured in mass per cubic volume. 

Estimated average 

requirement (EAR) 

The estimated average requirement reflects the estimated median nutrient requirement and 

is particularly appropriate for applications related to planning and assessing intakes for 
groups of people. 

Magnetic resonance 
imaging (MRI) 

Magnetic resonance imaging is a medical imaging technique used in radiology to visualise 
detailed internal structures. 

Meta-analysis A meta-analysis combines the results of several studies that address a set of related 

research hypotheses. 

Peripheral quantitative 

computed tomography 
(pQCT) 

Peripheral quantitative computed tomography is an imaging technique used for making 

measurements of the bone mineral density in a peripheral part of the body. It is useful for 
measuring bone strength. 

Recommended dietary 

intake (RDI) 

The recommended dietary intake is derived from the estimated average requirement and 

meets or exceeds the nutrient requirements for 97.5% of the population. The analogous 
term often used in the US is “recommended dietary allowance (RDA)”.  

Systematic review A systematic review is a literature review focused on a research question that tries to 

identify, appraise, select and synthesise all the high quality research evidence relevant to 

that question. 

Upper level of intake (UL) As intake increases above the upper level of intake, the potential risk of adverse effects 

may increase. The upper level of intake is the highest average daily intake that is likely to 

pose no risk of adverse effects to almost all individuals in the general population. In the US, 

the abbreviation UL refers to “tolerable upper intake level”.  

 



Building healthy bones throughout life 

36 MJA Open 2 Suppl 1 ∙ 4 February 2013 

References 

1 Siris ES, Miller PD, Barrett-Connor E, et al. Identification and fracture 
outcomes of undiagnosed low bone mineral density in postmenopausal 
women: results from the National Osteoporosis Risk Assessment. JAMA 
2001; 286: 2815-2822. 

2 Henry MJ, Pasco JA, Nicholson GC, Kotowicz MA. Prevalence of 
osteoporosis in Australian men and women: Geelong Osteoporosis 
Study. Med J Aust 2011; 195: 321-322.  

3 International Osteoporosis Foundation; Osteoporosis Australia. The 
burden of brittle bones: epidemiology, costing osteoporosis in Australia 
— 2007. 2008. http://www.osteoporosis.org.au/health-
professionals/research-position-papers/#burden (accessed Aug 2012). 

4 National Health and Medical Research Council. Nutrient reference 
values for Australia and New Zealand including recommended dietary 
intakes. Canberra: NHMRC, 2006. 

5 Australian Government Department of Health and Ageing. 2007 
Australian National Children’s Nutrition and Physical Activity Survey — 
key findings. http://www.health.gov.au/internet/main/publishing.nsf/ 
Content/phd-nutrition-childrens-survey-keyfindings (accessed Aug 
2012). 

6 Winzenberg T, Shaw K, Fryer J, Jones G. Effects of calcium 
supplementation on bone density in healthy children: meta-analysis of 
randomised controlled trials. BMJ 2006; 333: 775. 

7 Sanders KM, Nowson CA, Kotowicz MA, et al. Calcium and bone 
health: position statement for the Australian and New Zealand Bone and 
Mineral Society, Osteoporosis Australia and the Endocrine Society of 
Australia. Med J Aust 2009; 190: 316-320.  

8 Warensjo E, Byberg L, Melhus H, et al. Dietary calcium intake and risk of 
fracture and osteoporosis: prospective longitudinal cohort study. BMJ 
2011; 342: d1473. 

9 Recker RR, Hinders S, Davies KM, et al. Correcting calcium nutritional 
deficiency prevents spine fractures in elderly women. J Bone Miner Res 
1996; 11: 1961-1966. 

10 Shea B, Wells G, Cranney A, et al; Osteoporosis Methodology Group; 
Osteoporosis Research Advisory Group. Meta-analyses of therapies for 
postmenopausal osteoporosis. VII. Meta-analysis of calcium 
supplementation for the prevention of postmenopausal osteoporosis. 
Endocr Rev 2002; 23: 552-559. 

11 Tang BM, Eslick GD, Nowson C, et al. Use of calcium or calcium in 
combination with vitamin D supplementation to prevent fractures and 
bone loss in people aged 50 years and older: a meta-analysis. Lancet 
2007; 370: 657-666. 

12 Bischoff-Ferrari HA, Dawson-Hughes B, Baron JA, et al. Calcium intake 
and hip fracture risk in men and women: a meta-analysis of prospective 
cohort studies and randomized controlled trials. Am J Clin Nutr 2007; 86: 
1780-1790. 

13 Grant AM, Avenell A, Campbell MK, et al; RECORD Trial Group. Oral 
vitamin D3 and calcium for secondary prevention of low-trauma fractures 
in elderly people (Randomised Evaluation of Calcium Or vitamin D, 

RECORD): a randomised placebo-controlled trial. Lancet 2005; 365: 
1621-1628. 

14 Prince R, Devine A, Dhaliwal S, et al. Results of a 5-year double-blind, 
placebo controlled trial of calcium supplementation: clinical fracture 
outcomes. J Bone Miner Res 2004; 19 (1): S3. 

15 Reid IR, Mason B, Horne A, et al. Randomized controlled trial of calcium 
in healthy older women. Am J Med 2006; 119: 777-785. 

16 Prince RL, Devine A, Dhaliwal SS, Dick IM. Effects of calcium 
supplementation on clinical fracture and bone structure: results of a 5-
year, double-blind, placebo-controlled trial in elderly women. Arch Intern 
Med 2006; 166: 869-875. 

17 Jackson RD, LaCroix AZ, Gass M, et al; Women's Health Initiative 
Investigators. Calcium plus vitamin D supplementation and the risk of 
fractures. N Engl J Med 2006; 354: 669-683. 

18 Bolland MJ, Grey A, Avenell A, et al. Calcium supplements with or 
without vitamin D and risk of cardiovascular events: reanalysis of the 
Women’s Health Initiative limited access dataset and meta-analysis. 
BMJ 2011; 342: d2040. 

19 Daly RM, Ebeling PR. Is excess calcium harmful to health? Nutrients 
2010; 2: 505-522. 

20 Bolland MJ, Grey A, Gamble GD, Reid IR. Calcium and vitamin D 
supplements and health outcomes: a reanalysis of the Women’s Health 
Initiative (WHI) limited-access data set. Am J Clin Nutr 2011; 94: 1144-
1149. 

21 Rejnmark L, Avenell A, Masud T, et al. Vitamin D with calcium reduces 
mortality: patient level pooled analysis of 70,528 patients from eight 
major vitamin D trials. J Clin Endocrinol Metab 2012; 97: 2670-2681. 

22 Mursu J, Robien K, Harnack LJ, et al. Dietary supplements and mortality 
rate in older women: the Iowa Women’s Health Study. Arch Intern Med 
2011; 171: 1625-1633. 

23 Daly RM, Gagnon C, Lu ZX, et al. Prevalence of vitamin D deficiency 
and its determinants in Australian adults aged 25 years and older: a 
national, population-based study. Clin Endocrinol (Oxf) 2012; 77: 26-35. 

24 van der Mei IA, Ponsonby AL, Engelsen O, et al. The high prevalence of 
vitamin D insufficiency across Australian populations is only partly 
explained by season and latitude. Environ Health Perspect 2007; 115: 
1132-1139. 

25 Kelsall LM, de Gooyer T, Ansari Z, et al. The Victorian Health Monitor: 
The prevalence of vitamin D deficiency in the adult Victorian population. 
Proceedings of the Royal Australian College of Physicians Future 

Directions in Health Congress; 2012 May 6-9; Brisbane, Australia. 
26 Flicker L, Mead K, MacInnis RJ, et al. Serum vitamin D and falls in older 

women in residential care in Australia. J Am Geriatr Soc 2003; 51: 1533-
1538. 

27 Sambrook PN, Cameron ID, Cumming RG, et al. Vitamin D deficiency is 
common in frail institutionalised older people in northern Sydney. Med J 
Aust 2002; 176: 560. 

28 Diamond T, Smerdely P, Kormas N, et al. Hip fracture in elderly men: the 
importance of subclinical vitamin D deficiency and hypogonadism. Med 
J Aust 1998; 169: 138-141. 

29 Grover SR, Morley R. Vitamin D deficiency in veiled or dark-skinned 
pregnant women. Med J Aust 2001; 175: 251-252.  

30 Diamond TH, Levy S, Smith A, Day P. High bone turnover in Muslim 
women with vitamin D deficiency. Med J Aust 2002; 177: 139-141.  

31 Skull SA, Ngeow JY, Biggs BA, et al. Vitamin D deficiency is common 
and unrecognized among recently arrived adult immigrants from The 
Horn of Africa. Intern Med J 2003; 33: 47-51. 

32 Kimlin M, Harrison S, Nowak M, et al. Does a high UV environment 
ensure adequate vitamin D status? J Photochem Photobiol B 2007; 89: 
139-147. 

33 McCombie AM, Mason RS, Damian DL. Vitamin D deficiency in Sydney 
skin cancer patients. Med J Aust 2009; 190: 102.  

34 Glass D, Lens M, Swaminathan R, et al. Pigmentation and vitamin D 
metabolism in Caucasians: low vitamin D serum levels in fair skin types 
in the UK. PLoS One 2009; 4: e6477. 

35 Fayet F, Wright J, Ridges L, et al. Vitamin D insufficiency in healthy 
Australian office workers. Abstract 250. 2nd Asia-Pacific Osteoporosis 
and Bone Meeting Meeting; 2011 Sep 4-8; Gold Coast, Australia. 

36 Clements MR, Chalmers TM, Fraser DR. Enterohepatic circulation of 
vitamin D: a reappraisal of the hypothesis. Lancet 1984; 1: 1376-1379. 

37 Asherov J, Weinberger A, Pinkhas J. Lack of response to vitamin D 
therapy in a patient with hypoparathyroidism under anticonvulsant drugs. 
Helv Paediatr Acta 1977; 32: 369-373. 

38 Gough H, Goggin T, Bissessar A, et al. A comparative study of the 
relative influence of different anticonvulsant drugs, UV exposure and diet 
on vitamin D and calcium metabolism in out-patients with epilepsy. Q J 
Med 1986; 59: 569-577. 

39 Springbett P, Buglass S, Young AR. Photoprotection and vitamin D 
status. J Photochem Photobiol B 2010; 101: 160-168. 

40 Lau SL, Gunton JE, Athayde NP, et al. Serum 25-hydroxyvitamin D and 
glycated haemoglobin levels in women with gestational diabetes 
mellitus. Med J Aust 2011; 194: 334-337.  

41 Hollis BW, Johnson D, Hulsey TC, et al. Vitamin D supplementation 
during pregnancy: double blind, randomized clinical trial of safety and 
effectiveness. J Bone Miner Res 2011; 26: 2341-2357. 

42 Nowson CA, McGrath JJ, Ebeling PR, et al. Vitamin D and health in 
adults in Australia and New Zealand: a position statement. Med J Aust 
2012; 196: 686-687.  

43 Ross AC, Manson JE, Abrams SA, et al. The 2011 report on dietary 
reference intakes for calcium and vitamin D from the Institute of 

Medicine: what clinicians need to know. J Clin Endocrinol Metab 2011; 
96: 53-58. 

44 Bischoff-Ferrari HA, Willett WC, Wong JB, et al. Prevention of 
nonvertebral fractures with oral vitamin D and dose dependency: a 
meta-analysis of randomized controlled trials. Arch Intern Med 2009; 
169: 551-561. 

45 Bischoff-Ferrari HA, Willett WC, Wong JB, et al. Fracture prevention with 
vitamin D supplementation: a meta-analysis of randomized controlled 
trials. JAMA 2005; 293: 2257-2264. 

46 Holick MF, Binkley NC, Bischoff-Ferrari HA, et al; Endocrine Society. 
Evaluation, treatment, and prevention of vitamin D deficiency: an 
Endocrine Society clinical practice guideline. J Clin Endocrinol Metab 
2011; 96: 1911-1930. 

47 Dawson-Hughes B, Mithal A, Bonjour JP, et al. IOF position statement: 
vitamin D recommendations for older adults. Osteoporos Int 2010; 21: 
1151-1154. 

48 Heaney RP. Dairy and bone health. J Am Coll Nutr 2009; 28 Suppl 1: 
82S-90S. 

49 Tucker KL, Chen H, Hannan MT, et al. Bone mineral density and dietary 
patterns in older adults: the Framingham Osteoporosis Study. Am J Clin 
Nutr 2002; 76: 245-252. 

50 Cummings SR, Black DM, Nevitt MC, et al. Bone density at various sites 
for prediction of hip fractures. The Study of Osteoporotic Fractures 
Research Group. Lancet 1993; 341: 72-75. 

51 Hernandez CJ, Beaupre GS, Carter DR. A theoretical analysis of the 
relative influences of peak BMD, age-related bone loss and menopause 
on the development of osteoporosis. Osteoporos Int 2003; 14: 843-847. 

52 Martyn-St James M, Carroll S. Effects of different impact exercise 
modalities on bone mineral density in premenopausal women: a meta-
analysis. J Bone Miner Metab 2010; 28: 251-267. 

53 Martyn-St James M, Carroll S. Progressive high-intensity resistance 
training and bone mineral density changes among premenopausal 
women: evidence of discordant site-specific skeletal effects. Sports Med 
2006; 36: 683-704. 

54 Howe TE, Shea B, Dawson LJ, et al. Exercise for preventing and 
treating osteoporosis in postmenopausal women. Cochrane Database 
Syst Rev 2011; (7): CD000333.  

55 Sinaki M, Wahner HW, Bergstralh EJ, et al. Three-year controlled, 
randomized trial of the effect of dose-specified loading and 
strengthening exercises on bone mineral density of spine and femur in 



Building healthy bones throughout life 

 

MJA Open 2 Suppl 1 ∙ 4 February 2013 37 

nonathletic, physically active women. Bone 1996; 19: 233-244. 
56 Black DM, Cummings SR, Karpf DB, et al; Fracture Intervention Trial 

Research Group. Randomised trial of effect of alendronate on risk of 
fracture in women with existing vertebral fractures. Lancet 1996; 348: 
1535-1541. 

57 Black DM, Delmas PD, Eastell R, et al. Once-yearly zoledronic acid for 
treatment of postmenopausal osteoporosis. N Engl J Med 2007; 356: 
1809-1822. 

58 Chesnut CH 3rd, Skag A, Christiansen C, et al. Effects of oral 
ibandronate administered daily or intermittently on fracture risk in 
postmenopausal osteoporosis. J Bone Miner Res 2004; 19: 1241-1249. 

59 Cummings SR, San Martin J, McClung MR, et al. Denosumab for 
prevention of fractures in postmenopausal women with osteoporosis. N 

Engl J Med 2009; 361: 756-765. 
60 Ettinger B, Black DM, Mitlak BH, et al; Multiple Outcomes of Raloxifene 

Evaluation (MORE) Investigators. Reduction of vertebral fracture risk in 
postmenopausal women with osteoporosis treated with raloxifene: 
results from a 3-year randomized clinical trial. JAMA 1999; 282: 637-
645. 

61 Harris ST, Watts NB, Genant HK, et al; Vertebral Efficacy With 
Risedronate Therapy (VERT) Study Group. Effects of risedronate 
treatment on vertebral and nonvertebral fractures in women with 
postmenopausal osteoporosis: a randomized controlled trial. JAMA 
1999; 282: 1344-1352. 

62 Lyles KW, Colon-Emeric CS, Magaziner JS, et al. Zoledronic acid and 
clinical fractures and mortality after hip fracture. N Engl J Med 2007; 
357: 1799-1809. 

63 McClung MR, Geusens P, Miller PD, et al; Hip Intervention Program 
Study Group. Effect of risedronate on the risk of hip fracture in elderly 
women. N Engl J Med 2001; 344: 333-340. 

64 Neer RM, Arnaud CD, Zanchetta JR, et al. Effect of parathyroid 
hormone (1-34) on fractures and bone mineral density in 
postmenopausal women with osteoporosis. N Engl J Med 2001; 344: 
1434-1441. 

65 Reginster J, Minne HW, Sorensen OH, et al; Vertebral Efficacy with 
Risedronate Therapy (VERT) Study Group. Randomized trial of the 
effects of risedronate on vertebral fractures in women with established 
postmenopausal osteoporosis. Osteoporos Int 2000; 11: 83-91. 

66 Reginster JY, Seeman E, De Vernejoul MC, et al. Strontium ranelate 
reduces the risk of nonvertebral fractures in postmenopausal women 
with osteoporosis: Treatment of Peripheral Osteoporosis (TROPOS) 
study. J Clin Endocrinol Metab 2005; 90: 2816-2822. 

67 Australian Government Department of Health and Ageing. PBS 
extended listing of alendronate for treating osteoporosis and Medicare 
extended listing for bone mineral density testing. Canberra: DoHA, 2006. 
http://www.health.gov.au/internet/main/publishing.nsf/Content/extended_
+alendronate.htm (accessed Aug 2012). 

68 Schwartz AV, Bauer DC, Cummings SR, et al; FLEX Research Group. 
Efficacy of continued alendronate for fractures in women with and 
without prevalent vertebral fracture: the FLEX trial. J Bone Miner Res 
2010; 25: 976-982. 

69 Leib ES, Lewiecki EM, Binkley N, Hamdy RC; International Society for 
Clinical Densitometry. Official positions of the International Society for 
Clinical Densitometry. J Clin Densitom 2004; 7: 1-6. 

70 Nelson HD, Haney EM, Dana T, et al. Screening for osteoporosis: an 
update for the US Preventive Services Task Force. Ann Intern Med 
2010; 153: 99-111. 

71 Lim LS, Hoeksema LJ, Sherin K; ACPM Prevention Practice Committee. 
Screening for osteoporosis in the adult US population: ACPM position 
statement on preventive practice. Am J Prev Med 2009; 36: 366-375. 

72 Compston JE, Watts NB, Chapurlat R, et al; Glow Investigators. Obesity 
is not protective against fracture in postmenopausal women: GLOW. Am 
J Med 2011; 124: 1043-1050. 

73 Nielson CM, Marshall LM, Adams AL, et al; Osteoporotic Fractures in 
Men Study Research Group. BMI and fracture risk in older men: the 
osteoporotic fractures in men study (MrOS). J Bone Miner Res 2011; 26: 
496-502. 

74 Johannesdottir F, Aspelund T, Siggeirsdottir K, et al. Mid-thigh cortical 
bone structural parameters, muscle mass and strength, and association 
with lower limb fractures in older men and women (AGES-Reykjavik 
Study). Calcif Tissue Int 2012; 90: 354-364. 

75 Di Monaco M, Vallero F, Di Monaco R, Tappero R. Prevalence of 
sarcopenia and its association with osteoporosis in 313 older women 
following a hip fracture. Arch Gerontol Geriatr 2011; 52: 71-74. 

76 Hida T, Ishiguro N, Shimokata H, et al. High prevalence of sarcopenia 
and reduced leg muscle mass in Japanese patients immediately after a 
hip fracture. Geriatr Gerontol Int 2012; Jul 23 [Epub ahead of print]. 

77 Verschueren S, Gielen E, O’Neill TW, et al. Sarcopenia and its 
relationship with bone mineral density in middle-aged and elderly 
European men. Osteoporos Int 2012; Jul 10 [Epub ahead of print]. 

78 Heaney RP, Abrams S, Dawson-Hughes B, et al. Peak bone mass. 
Osteoporos Int 2000; 11: 985-1009. 

79 Royal Australian College of General Practitioners. Clinical guideline for 
the prevention and treatment of osteoporosis in postmenopausal women 
and older men, February 2010. Melbourne: RACGP, 2010. 
http://www.racgp.org.au/guidelines/musculoskeletaldiseases/osteoporosi
s (accessed Dec 2012). 

80 Bliuc D, Nguyen ND, Milch VE, et al. Mortality risk associated with low-
trauma osteoporotic fracture and subsequent fracture in men and 
women. JAMA 2009; 301: 513-521. 

81 March LM, Cameron ID, Cumming RG, et al. Mortality and morbidity 
after hip fracture: can evidence based clinical pathways make a 
difference? J Rheumatol 2000; 27: 2227-2231. 

82 Osteoporosis Australia. The burden of brittle bones: costing osteoporosis 
in Australia. Canberra: Access Economics, 2001. http://www. 
osteoporosis.org.au/health-professionals/archive/ (accessed Aug 2012). 

83 Australian Institute of Health and Welfare. A snapshot of osteoporosis in 
Australia 2011. Canberra: AIHW, 2011. (Cat. No. PHE 137.) 
http://www.aihw.gov.au/WorkArea/DownloadAsset.aspx?id=1073741874
7&libID=10737418746 (accessed Oct 2012). 

84 Ewald DP, Eisman JA, Ewald BD, et al. Population rates of bone 
densitometry use in Australia, 2001–2005, by sex and rural versus urban 
location. Med J Aust 2009; 190: 126-128.  

85 Ebeling PR, Eisman JA. Vitamin D and osteoporosis. In: Feldman D, 
Wesley Pike J, Adams JS, editors. Vitamin D. 3rd ed. Oxford: Academic 
Press, 2011: 1129-1144. 

86 Trivedi DP, Doll R, Khaw KT. Effect of four monthly oral vitamin D3 
(cholecalciferol) supplementation on fractures and mortality in men and 
women living in the community: randomised double blind controlled trial. 
BMJ 2003; 326: 469. 

87 Avenell A, Gillespie WJ, Gillespie LD, O'Connell D. Vitamin D and 
vitamin D analogues for preventing fractures associated with involutional 
and post-menopausal osteoporosis. Cochrane Database Syst Rev 
2009; (2): CD000227. 

88 Chapuy MC, Arlot ME, Duboeuf F, et al. Vitamin D3 and calcium to 
prevent hip fractures in the elderly women. N Engl J Med 1992; 327: 
1637-1642. 

89 Chapuy MC, Pamphile R, Paris E, et al. Combined calcium and vitamin 
D3 supplementation in elderly women: confirmation of reversal of 
secondary hyperparathyroidism and hip fracture risk: the Decalyos II 
study. Osteoporos Int 2002; 13: 257-264. 

90 Willis MS. The health economics of calcium and vitamin D3 for the 
prevention of osteoporotic hip fractures in Sweden. Int J Technol Assess 
Health Care 2002; 18: 791-807. 

91 Kanis JA, Johnell O, Oden A, et al. Long-term risk of osteoporotic 
fracture in Malmo. Osteoporos Int 2000; 11: 669-674. 

92 Grant WB, Cross HS, Garland CF, et al. Estimated benefit of increased 
vitamin D status in reducing the economic burden of disease in western 
Europe. Prog Biophys Mol Biol 2009; 99: 104-113. 

93 National Health and Medical Research Council. Recommended dietary 
intakes for use in Australia [rescinded publication]. Canberra: NHMRC, 
1991. http://www.nhmrc.gov.au/guidelines/publications/n6 (accessed 
Aug 2012). 

94 Institute of Medicine. Dietary reference intakes for calcium, phosphorus, 
magnesium, vitamin D, and fluoride. Washington, DC: IOM, 1997. 
http://www.iom.edu/Reports/1997/Dietary-Reference-Intakes-for-
Calcium-Phosphorus-Magnesium-Vitamin-D-and-Fluoride.aspx 
(accessed Aug 2012). 

95 Food and Agriculture Organization of the United Nations; World Health 
Organization. Human vitamin and mineral requirements. Training 
materials for agricultural planning. Rome: FAO and WHO, 2002. 
http://www.fao.org/waicent/search/simple_s_result.asp?cgiar=&publicati
on=1&webpage=2&photo=3&press=5&video=9&agrovoc=8272&agrovo
c_dett=8272 (accessed Aug 2012). 

96 Christiansen C, Christensen MS, Larsen NE, Transbøl IB. 
Pathophysiological mechanisms of estrogen effect on bone metabolism. 
Dose-response relationships in early postmenopausal women. J Clin 
Endocrinol Metab 1982; 55: 1124-1130. 

97 Stĕpán JJ, Pospíchal J, Presl J, Pacovský V. Bone loss and biochemical 
indices of bone remodeling in surgically induced postmenopausal 
women. Bone 1987; 8: 279-284. 

98 Kelly PJ, Pocock NA, Sambrook PN, Eisman JA. Age and menopause-
related changes in indices of bone turnover. J Clin Endocrinol Metab 
1989; 69: 1160-1165. 

99 Institute of Medicine. Dietary reference intakes for calcium and vitamin 
D. 2010. http://www.iom.edu/Reports/2010/Dietary-Reference-Intakes-
for-Calcium-and-Vitamin-D.aspx (accessed Aug 2012). 

100 Waijers PM, Feskens EJ, Ocke MC. A critical review of predefined diet 
quality scores. Br J Nutr 2007; 97: 219-231. 

101 Hu FB. Dietary pattern analysis: a new direction in nutritional 
epidemiology. Curr Opin Lipidol 2002; 13: 3-9. 

102 Nieves JW. Osteoporosis: the role of micronutrients. Am J Clin Nutr 
2005; 81: 1232S-1239S. 

103 Sellmeyer DE, Schloetter M, Sebastian A. Potassium citrate prevents 
increased urine calcium excretion and bone resorption induced by a 
high sodium chloride diet. J Clin Endocrinol Metab 2002; 87: 2008-2012. 

104 Lanham-New SA. The balance of bone health: tipping the scales in favor 
of potassium-rich, bicarbonate-rich foods. J Nutr 2008; 138: 172S-177S. 

105 Zhu K, Devine A, Prince RL. The effects of high potassium consumption 
on bone mineral density in a prospective cohort study of elderly 
postmenopausal women. Osteoporos Int 2009; 20: 335-340. 

106 Australian Bureau of Statistics; Australian Department of Health and 
Aged Care. National Nutrition Survey: nutrient intakes and physical 
measurements, Australia, 1995. Canberra: ABS, 1998. 
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/95E87FE64B144FA3
CA2568A9001393C0 (accessed Aug 2012). 

107 Cadogan J, Eastell R, Jones N, Barker ME. Milk intake and bone 
mineral acquisition in adolescent girls: randomised, controlled 
intervention trial. BMJ 1997; 315: 1255-1260. 

108 Du X, Zhu K, Trube A, et al. School-milk intervention trial enhances 



Building healthy bones throughout life 

38 MJA Open 2 Suppl 1 ∙ 4 February 2013 

growth and bone mineral accretion in Chinese girls aged 10–12 years in 
Beijing. Br J Nutr 2004; 92: 159-168. 

109 Bass SL, Naughton G, Saxon L, et al. Exercise and calcium combined 
results in a greater osteogenic effect than either factor alone: a blinded 
randomized placebo-controlled trial in boys. J Bone Miner Res 2007; 22: 
458-464. 

110 Iuliano-Burns S, Saxon L, Naughton G, et al. Regional specificity of 
exercise and calcium during skeletal growth in girls: a randomized 
controlled trial. J Bone Miner Res 2003; 18: 156-162. 

111 Baran D, Sorensen A, Grimes J, et al. Dietary modification with dairy 
products for preventing vertebral bone loss in premenopausal women: a 
three-year prospective study. J Clin Endocrinol Metab 1990; 70: 264-
270. 

112 Lau EM, Woo J, Lam V, Hong A. Milk supplementation of the diet of 
postmenopausal Chinese women on a low calcium intake retards bone 
loss. J Bone Miner Res 2001; 16: 1704-1709. 

113 Prince R, Devine A, Dick I, et al. The effects of calcium supplementation 
(milk powder or tablets) and exercise on bone density in 
postmenopausal women. J Bone Miner Res 1995; 10: 1068-1075. 

114 Daly RM, Brown M, Bass S, et al. Calcium- and vitamin D3-fortified milk 
reduces bone loss at clinically relevant skeletal sites in older men: a 2-
year randomized controlled trial. J Bone Miner Res 2006; 21: 397-405. 

115 Bischoff-Ferrari HA, Dawson-Hughes B, Baron JA, et al. Milk intake and 
risk of hip fracture in men and women: a meta-analysis of prospective 
cohort studies. J Bone Miner Res 2011; 26: 833-839. 

116 Fenton TR, Tough SC, Lyon AW, et al. Causal assessment of dietary 
acid load and bone disease: a systematic review & meta-analysis 
applying Hill’s epidemiologic criteria for causality. Nutr J 2011; 10: 41. 

117 Roughead ZK, Johnson LK, Lykken GI Hunt JR. Controlled high meat 
diets do not affect calcium retention or indices of bone status in healthy 
postmenopausal women. J Nutr 2003; 133: 1020-1026. 

118 Kerstetter JE, O’Brien KO, Caseria DM, et al. The impact of dietary 
protein on calcium absorption and kinetic measures of bone turnover in 
women. J Clin Endocrinol Metab 2005; 90: 26-31. 

119 Hunt JR, Johnson LK, Fariba Roughead ZK. Dietary protein and calcium 
interact to influence calcium retention: a controlled feeding study. Am J 
Clin Nutr 2009; 89: 1357-1365. 

120 Jesudason D, Clifton P. The interaction between dietary protein and 
bone health. J Bone Miner Metab 2011; 29: 1-14.  

121 Kerstetter JE, O’Brien KO, Insogna KL. Dietary protein, calcium 
metabolism, and skeletal homeostasis revisited. Am J Clin Nutr 2003; 
78: 584S-592S. 

122 Darling AL, Millward DJ, Torgerson DJ, et al. Dietary protein and bone 
health: a systematic review and meta-analysis. Am J Clin Nutr 2009; 90: 
1674-1692. 

123 Hannan MT, Tucker KL, Dawson-Hughes B, et al. Effect of dietary 
protein on bone loss in elderly men and women: the Framingham 
Osteoporosis Study. J Bone Miner Res 2000; 15: 2504-2512. 

124 Promislow JH, Goodman-Gruen D, Slymen DJ, Barrett-Connor E. 
Protein consumption and bone mineral density in the elderly: the 

Rancho Bernardo Study. Am J Epidemiol 2002; 155: 636-644. 
125 Devine A, Dick IM, Islam AF, et al. Protein consumption is an important 

predictor of lower limb bone mass in elderly women. Am J Clin Nutr 
2005; 81: 1423-1428. 

126 Munger RG, Cerhan JR, Chiu BC. Prospective study of dietary protein 
intake and risk of hip fracture in postmenopausal women. Am J Clin Nutr 
1999; 69: 147-152. 

127 Wengreen HJ, Munger RG, West NA, et al. Dietary protein intake and 
risk of osteoporotic hip fracture in elderly residents of Utah. J Bone Miner 
Res 2004; 19: 537-545. 

128 Zhu K, Meng X, Kerr DA, et al. The effects of a two-year randomised 
controlled trial of whey protein supplementation on bone structure, IGF-
1, and urinary calcium excretion in older postmenopausal women. J 

Bone Miner Res 2011; 26: 2298-2306. 
129 Dawson-Hughes B, Harris SS. Calcium intake influences the association 

of protein intake with rates of bone loss in elderly men and women. Am J 
Clin Nutr 2002; 75: 773-779. 

130 Tucker KL, Hannan MT, Chen H, et al. Potassium, magnesium, and fruit 
and vegetable intakes are associated with greater bone mineral density 
in elderly men and women. Am J Clin Nutr 1999; 69: 727-736. 

131 Chen YM, Ho SC, Woo JL. Greater fruit and vegetable intake is 
associated with increased bone mass among postmenopausal Chinese 
women. Br J Nutr 2006; 96: 745-751. 

132 Macdonald HM, New SA, Fraser WD, et al. Low dietary potassium 
intakes and high dietary estimates of net endogenous acid production 
are associated with low bone mineral density in premenopausal women 
and increased markers of bone resorption in postmenopausal women. 
Am J Clin Nutr 2005; 81: 923-933. 

133 Kaptoge S, Welch A, McTaggart A, et al. Effects of dietary nutrients and 
food groups on bone loss from the proximal femur in men and women in 
the 7th and 8th decades of age. Osteoporos Int 2003; 14: 418-428. 

134 Macdonald HM, Black AJ, Aucott L, et al. Effect of potassium citrate 
supplementation or increased fruit and vegetable intake on bone 
metabolism in healthy postmenopausal women: a randomized 
controlled trial. Am J Clin Nutr 2008; 88: 465-474. 

135 Pasco JA, Sanders KM, Henry MJ, et al. Calcium intakes among 
Australian women: Geelong Osteoporosis Study. Aust N Z J Med 2000; 
30: 21-27. 

136 Sanders K, Stuart A, Kotowicz M Nicholson GC. Annual feedback is an 
effective tool for a sustained increase in calcium intake among older 

women. Nutrients 2010; 2: 1018-1025. 
137 Reid IR, Bolland MJ, Sambrook PN, Grey A. Calcium supplementation: 

balancing the cardiovascular risks. Maturitas 2011; 69: 289-295. 
138 Body JJ, Bergmann P, Boonen S, et al. Evidence-based guidelines for 

the pharmacological treatment of postmenopausal osteoporosis: a 
consensus document by the Belgian Bone Club. Osteoporos Int 2010; 
21: 1657-1680. 

139 Ebeling P, Eisman J. Recommendations from the vitamin D and calcium 
forum. Medicine Today 2005; 6 (12): 43-50. 

140 Gallagher JC, Riggs BL. Action of 1,25-dihydroxyvitamin D3 on calcium 
balance and bone turnover and its effect on vertebral fracture rate. 
Metabolism 1990; 39 (4 Suppl 1): 30-34. 

141 Gallagher JC, Riggs BL, DeLuca HF. Effect of estrogen on calcium 
absorption and serum vitamin D metabolites in postmenopausal 
osteoporosis. J Clin Endocrinol Metab 1980; 51: 1359-1364. 

142 Teucher B, Dainty JR, Spinks CA, et al. Sodium and bone health: impact 
of moderately high and low salt intakes on calcium metabolism in 
postmenopausal women. J Bone Miner Res 2008; 23: 1477-1485. 

143 Horsman A, Marshall DH, Nordin BE, et al. The relation between bone 
loss and calcium balance in women. Clin Sci (Lond) 1980; 59: 137-142. 

144 Meier C, Woitge HW, Witte K, et al. Supplementation with oral vitamin 
D3 and calcium during winter prevents seasonal bone loss: a 
randomized controlled open-label prospective trial. J Bone Miner Res 
2004; 19: 1221-1230. 

145 Aloia J, Bojadzievski T, Yusupov E, et al. The relative influence of 
calcium intake and vitamin D status on serum parathyroid hormone and 
bone turnover biomarkers in a double-blind, placebo-controlled parallel 
group, longitudinal factorial design. J Clin Endocrinol Metab 2010; 95: 
3216-3224. 

146 Schleithoff SS, Zittermann A, Tenderich G, et al. Combined calcium and 
vitamin D supplementation is not superior to calcium supplementation 
alone in improving disturbed bone metabolism in patients with 
congestive heart failure. Eur J Clin Nutr 2008; 62: 1388-1394. 

147 Palacios S, Castelo-Branco C, Cifuentes I, et al. Changes in bone 
turnover markers after calcium-enriched milk supplementation in healthy 
postmenopausal women: a randomized, double-blind, prospective 
clinical trial. Menopause 2005; 12: 63-68. 

148 Scopacasa F, Need AG, Horowitz M, et al. Inhibition of bone resorption 
by divided-dose calcium supplementation in early postmenopausal 
women. Calcif Tissue Int 2000; 67: 440-442. 

149 Peacock M, Liu G, Carey M, et al. Effect of calcium or 25OH vitamin D3 
dietary supplementation on bone loss at the hip in men and women over 
the age of 60. J Clin Endocrinol Metab 2000; 85: 3011-3019. 

150 Storm D, Eslin R, Porter ES, et al. Calcium supplementation prevents 
seasonal bone loss and changes in biochemical markers of bone 
turnover in elderly New England women: a randomized placebo-
controlled trial. J Clin Endocrinol Metab 1998; 83: 3817-3825. 

151 Kamel S, Fardellone P, Meddah B, et al. Response of several markers 
of bone collagen degradation to calcium supplementation in 
postmenopausal women with low calcium intake. Clin Chem 1998; 44: 

1437-1442. 
152 Ricci TA, Chowdhury HA, Heymsfield SB, et al. Calcium 

supplementation suppresses bone turnover during weight reduction in 
postmenopausal women. J Bone Miner Res 1998; 13: 1045-1050. 

153 Scopacasa F, Horowitz M, Wishart JM, et al. Calcium supplementation 
suppresses bone resorption in early postmenopausal women. Calcif 
Tissue Int 1998; 62: 8-12.  

154 Harwood RH, Sahota O, Gaynor K, et al. A randomised, controlled 
comparison of different calcium and vitamin D supplementation 
regimens in elderly women after hip fracture: The Nottingham Neck of 
Femur (NONOF) Study. Age Ageing 2004; 33: 45-51. 

155 Fardellone P, Brazier M, Kamel S, et al. Biochemical effects of calcium 
supplementation in postmenopausal women: influence of dietary 
calcium intake. Am J Clin Nutr 1998; 67: 1273-1278. 

156 Dawson-Hughes B, Dallal GE, Krall EA, et al. A controlled trial of the 
effect of calcium supplementation on bone density in postmenopausal 
women. N Engl J Med 1990; 323: 878-883. 

157 Reid IR, Ames RW, Evans MC, et al. Effect of calcium supplementation 
on bone loss in postmenopausal women. N Engl J Med 1993; 328: 460-
464. 

158 Riggs BL, O’Fallon WM, Muhs J, et al. Long-term effects of calcium 
supplementation on serum parathyroid hormone level, bone turnover, 
and bone loss in elderly women. J Bone Miner Res 1998; 13: 168-174. 

159 Karkkainen M, Tuppurainen M, Salovaara K, et al. Effect of calcium and 
vitamin D supplementation on bone mineral density in women aged 65-
71 years: a 3-year randomized population-based trial (OSTPRE-FPS). 
Osteoporos Int 2010; 21: 2047-2055. 

160 Lau EM, Woo J, Leung PC, et al. The effects of calcium 
supplementation and exercise on bone density in elderly Chinese 
women. Osteoporos Int 1992; 2: 168-173. 

161 Reid IR, Ames R, Mason B, et al. Randomized controlled trial of calcium 
supplementation in healthy, nonosteoporotic, older men. Arch Intern 
Med 2008; 168: 2276-2282. 

162 Chapuy MC, Arlot ME, Delmas PD, Meunier PJ. Effect of calcium and 
cholecalciferol treatment for three years on hip fractures in elderly 
women. BMJ 1994; 308: 1081-1082. 

163 Porthouse J, Cockayne S, King C, et al. Randomised controlled trial of 
calcium and supplementation with cholecalciferol (vitamin D3) for 
prevention of fractures in primary care. BMJ 2005; 330: 1003. 

164 Heaney RP. Calcium supplementation and incident kidney stone risk: a 



Building healthy bones throughout life 

 

MJA Open 2 Suppl 1 ∙ 4 February 2013 39 

systematic review. J Am Coll Nutr 2008; 27: 519-527. 
165 Bolland MJ, Barber PA, Doughty RN, et al. Vascular events in healthy 

older women receiving calcium supplementation: randomised controlled 
trial. BMJ 2008; 336: 262-266. 

166 Bolland MJ, Avenell A, Baron JA, et al. Effect of calcium supplements on 
risk of myocardial infarction and cardiovascular events: meta-analysis. 
BMJ 2010; 341: c3691. 

167 Reid IR, Bolland MJ, Avenell A, Grey A. Cardiovascular effects of 
calcium supplementation. Osteoporos Int 2011; 22: 1649-1658. 

168 Lewis JR, Calver J, Zhu K, et al. Calcium supplementation and the risks 
of atherosclerotic vascular disease in older women: results of a 5-year 
RCT and a 4.5-year follow-up. J Bone Miner Res 2011; 26: 35-41. 

169 Manson JE, Allison MA, Carr JJ, et al; Women's Health Initiative and 
Women's Health Initiative-Coronary Artery Calcium Study Investigators. 
Calcium/vitamin D supplementation and coronary artery calcification in 
the Women’s Health Initiative. Menopause 2010; 17: 683-691. 

170 Osteoporosis Australia. Statement on calcium supplements. Prepared 
June 2012. http://www.osteoporosis.org.au/images/stories/calcium_ 
statement062012.pdf (accessed Aug 2012). 

171 Elder GJ. Calcium supplementation: lessons from the general population 
for chronic kidney disease and back. Curr Opin Nephrol Hypertens 
2011; 20: 369-375. 

172 Pettifor JM. Vitamin D &/or calcium deficiency rickets in infants & 
children: a global perspective. Indian J Med Res 2008; 127: 245-249. 

173 Thacher TD, Fischer PR, Strand MA, Pettifor JM. Nutritional rickets 
around the world: causes and future directions. Ann Trop Paediatr 2006; 
26: 1-16. 

174 Craviari T, Pettifor JM, Thacher TD, et al; Rickets Convergence Group. 
Rickets: an overview and future directions, with special reference to 
Bangladesh. A summary of the Rickets Convergence Group meeting, 
Dhaka, 26–27 January 2006. J Health Popul Nutr 2008; 26: 112-121. 

175 Teegarden D, Proulx WR, Martin BR, et al. Peak bone mass in young 
women. J Bone Miner Res 1995; 10: 711-715. 

176 Lin YC, Lyle RM, Weaver CM, et al. Peak spine and femoral neck bone 
mass in young women. Bone 2003; 32: 546-53. 

177 Bailey DA, McKay HA, Mirwald RL, et al. A six-year longitudinal study of 
the relationship of physical activity to bone mineral accrual in growing 
children: the University of Saskatchewan bone mineral accrual study. J 
Bone Miner Res 1999; 14: 1672-1679. 

178 Goulding A, Rockell JE, Black RE, et al. Children who avoid drinking 
cow’s milk are at increased risk for prepubertal bone fractures. J Am Diet 
Assoc 2004; 104: 250-253. 

179 Bailey RL, Dodd KW, Goldman JA, et al. Estimation of total usual 
calcium and vitamin D intakes in the United States. J Nutr 2010; 140: 
817-822. 

180 Khosla S, Melton LJ 3rd, Dekutoski MB, et al. Incidence of childhood 
distal forearm fractures over 30 years: a population-based study. JAMA 
2003; 290: 1479-1485. 

181 Taylor ED, Theim KR, Mirch MC, et al. Orthopedic complications of 
overweight in children and adolescents. Pediatrics 2006; 117: 2167-
2174. 

182 Hill KM, Braun MM, Egan KA, et al. Obesity augments calcium-induced 
increases in skeletal calcium retention in adolescents. J Clin Endocrinol 
Metab 2011; 96: 2171-2177. 

183 Goulding A, Taylor RW, Jones IE, et al. Overweight and obese children 
have low bone mass and area for their weight. Int J Obes Relat Metab 
Disord 2000; 24: 627-632.  

184 Nordin BEC. Reflections on osteoporosis. In: Marcus R, Feldman D, 
Nelson DA, Rosen CJ, editors. Osteoporosis. 3rd ed. New York: 
Elsevier, 2008: 47-68. 

185 Lambert HL, Eastell R, Karnik K, et al. Calcium supplementation and 
bone mineral accretion in adolescent girls: an 18-mo randomized 
controlled trial with 2-y follow-up. Am J Clin Nutr 2008; 87: 455-462. 

186 Looker AC. Dietary calcium: recommendations and intakes around the 
world. In: Weaver CM, Heaney RP, editors. Calcium in human health. 
Towata, NJ: Humana Press, 2006: 105-127. 

187 Sanders KM, Seeman E, Ugoni AM, et al. Age- and gender-specific rate 
of fractures in Australia: a population-based study. Osteoporos Int 1999; 
10: 240-247. 

188 Kukuljan S, Nowson CA, Sanders K, Daly RM. Effects of resistance 
exercise and fortified milk on skeletal muscle mass, muscle size, and 
functional performance in middle-aged and older men: an 18-mo 
randomized controlled trial. J Appl Physiol 2009; 107: 1864-1873. 

189 Heaney RP, Recker RR. Distribution of calcium absorption in middle-
aged women. Am J Clin Nutr 1986; 43: 299-305. 

190 Lloyd T, Schaeffer JM, Walker MA, Demers LM. Urinary hormonal 
concentrations and spinal bone densities of premenopausal vegetarian 
and nonvegetarian women. Am J Clin Nutr 1991; 54: 1005-1010. 

191 Marsh AG, Sanchez TV, Midkelsen O, et al. Cortical bone density of 
adult lacto-ovo-vegetarian and omnivorous women. J Am Diet Assoc 
1980; 76: 148-151. 

192 Winters-Stone KM, Snow CM. One year of oral calcium 
supplementation maintains cortical bone density in young adult female 
distance runners. Int J Sport Nutr Exerc Metab 2004; 14: 7-17. 

193 Elders PJ, Netelenbos JC, Lips P, et al. Calcium supplementation 
reduces vertebral bone loss in perimenopausal women: a controlled trial 
in 248 women between 46 and 55 years of age. J Clin Endocrinol Metab 
1991; 73: 533-540. 

194 Reid IR, Bolland MJ, Grey A. Effect of calcium supplementation on hip 
fractures. Osteoporos Int 2008; 19: 1119-1123. 

195 Seeman E. Comment on review by Nordin: “the effect of calcium 
supplementation on bone loss in 32 controlled trials in postmenopausal 
women”. Osteoporos Int 2009; 20: 2145-2146; author reply 2151-2153.  

196 Nordin BE. The effect of calcium supplementation on bone loss in 32 
controlled trials in postmenopausal women. Osteoporos Int 2009; 20: 
2135-2143. 

197 Daly RM, Petrass N, Bass S, Nowson CA. The skeletal benefits of 
calcium- and vitamin D3-fortified milk are sustained in older men after 
withdrawal of supplementation: an 18-mo follow-up study. Am J Clin 
Nutr 2008; 87: 771-777. 

198 Nordin BE, Lewis JR, Daly RM, et al. The calcium scare — what would 
Austin Bradford Hill have thought? Osteoporos Int 2011; 22: 3073-3077. 

199 Diamond TH, Eisman JA, Mason RS, et al; Working Group of the 
Australian and New Zealand Bone and Mineral Society, Endocrine 
Society of Australia and Osteoporosis Australia. Vitamin D and adult 
bone health in Australia and New Zealand: a position statement. Med J 
Aust 2005; 182: 281-285.  

200 Priemel M, von Domarus C, Klatte TO, et al. Bone mineralization defects 
and vitamin D deficiency: histomorphometric analysis of iliac crest bone 
biopsies and circulating 25-hydroxyvitamin D in 675 patients. J Bone 
Miner Res 2010; 25: 305-312. 

201 Norman AW, Frankel JB, Heldt AM, Grodsky GM. Vitamin D deficiency 
inhibits pancreatic secretion of insulin. Science 1980; 209: 823-825. 

202 Peller S, Stephenson CS. Skin irritation and cancer in the United States 
Navy. Am J Med Sci 1937; 194: 326-333. 

203 Ginde AA, Scragg R, Schwartz RS, Camargo CA Jr. Prospective study 
of serum 25-hydroxyvitamin D level, cardiovascular disease mortality, 
and all-cause mortality in older US adults J Am Geriatr Soc 2009; 57: 
1595-1603. 

204 McGrath JJ, Eyles DW, Pedersen CB, et al. Neonatal vitamin D status 
and risk of schizophrenia: a population-based case-control study. Arch 
Gen Psychiatry 2010; 67: 889-894.  

205 Tuohimaa P, Tenkanen L, Ahonen M, et al. Both high and low levels of 
blood vitamin D are associated with a higher prostate cancer risk: a 
longitudinal, nested case-control study in the Nordic countries. Int J 
Cancer 2004; 108: 104-108. 

206 Vieth R. Vitamin D supplementation, 25-hydroxyvitamin D 
concentrations, and safety. Am J Clin Nutr 1999; 69: 842-856. 

207 Wang TJ, Zhang F, Richards JB, et al. Common genetic determinants of 
vitamin D insufficiency: a genome-wide association study. Lancet 2010; 
376: 180-188. 

208 Martineau AR, Timms PM, Bothamley GH, et al. High-dose vitamin D(3) 
during intensive-phase antimicrobial treatment of pulmonary 
tuberculosis: a double-blind randomised controlled trial. Lancet 2011; 
377: 242-250. 

209 Schlingmann KP, Kaufmann M, Weber S, et al. Mutations in CYP24A1 
and idiopathic infantile hypercalcemia. N Engl J Med 2011; 365: 410-
421. 

210 Clements MR, Davies M, Fraser DR, et al. Metabolic inactivation of 
vitamin D is enhanced in primary hyperparathyroidism. Clin Sci (Lond) 
1987; 73: 659-664. 

211 Davies M, Heys SE, Selby PL, et al. Increased catabolism of 25-
hydroxyvitamin D in patients with partial gastrectomy and elevated 1,25-
dihydroxyvitamin D levels. Implications for metabolic bone disease. J 
Clin Endocrinol Metab 1997; 82: 209-212. 

212 Berlin T, Bjorkhem I. Effect of calcium intake on serum levels of 25-
hydroxyvitamin D3. Eur J Clin Invest 1988; 18: 52-55. 

213 Diamond TH, Ho KW, Rohl PG, Meerkin M. Annual intramuscular 
injection of a megadose of cholecalciferol for treatment of vitamin D 
deficiency: efficacy and safety data. Med J Aust 2005; 183: 10-12.  

214 Sanders KM, Stuart AL, Williamson EJ, et al. Annual high-dose oral 
vitamin D and falls and fractures in older women: a randomized 
controlled trial. JAMA 2010; 303: 1815-1822. 

215 Wortsman J, Matsuoka LY, Chen TC, et al. Decreased bioavailability of 
vitamin D in obesity. Am J Clin Nutr 2000; 72: 690-693. 

216 Clements MR, Fraser DR. Vitamin D supply to the rat fetus and neonate. 
J Clin Invest 1988; 81: 1768-1773. 

217 Mason RS, Lissner D, Grunstein HS, Posen S. A simplified assay for 
dihydroxylated vitamin D metabolites in human serum: application to 
hyper- and hypovitaminosis D. Clin Chem 1980; 26: 444-450. 

218 Atkins GJ, Anderson PH, Findlay DM, et al. Metabolism of vitamin D3 in 
human osteoblasts: evidence for autocrine and paracrine activities of 1 
alpha,25-dihydroxyvitamin D3. Bone 2007; 40: 1517-1528. 

219 Heaney RP, Recker RR, Grote J, et al. Vitamin D(3) is more potent than 
vitamin D(2) in humans. J Clin Endocrinol Metab 2011; 96: E447-E452. 

220 Holick MF, Biancuzzo RM, Chen TC, et al. Vitamin D2 is as effective as 
vitamin D3 in maintaining circulating concentrations of 25-
hydroxyvitamin D. J Clin Endocrinol Metab 2008; 93: 677-681. 

221 Heaney RP, Davies KM, Chen TC, et al. Human serum 25-
hydroxycholecalciferol response to extended oral dosing with 
cholecalciferol. Am J Clin Nutr 2003; 77: 204-210. 

222 Aloia JF, Patel M, Dimaano R, et al. Vitamin D intake to attain a desired 
serum 25-hydroxyvitamin D concentration. Am J Clin Nutr 2008; 87: 
1952-1958. 

223 Bacon CJ, Gamble GD, Horne AM, et al. High-dose oral vitamin D3 
supplementation in the elderly. Osteoporos Int 2009; 20: 1407-1415. 

224 Ish-Shalom S, Segal E, Salganik T, et al. Comparison of daily, weekly, 
and monthly vitamin D3 in ethanol dosing protocols for two months in 
elderly hip fracture patients. J Clin Endocrinol Metab 2008; 93: 3430-
3435. 



Building healthy bones throughout life 

40 MJA Open 2 Suppl 1 ∙ 4 February 2013 

225 Latham NK, Anderson CS, Reid IR. Effects of vitamin D 
supplementation on strength, physical performance, and falls in older 
persons: a systematic review. J Am Geriatr Soc 2003; 51: 1219-1226. 

226 Boonen S, Lips P, Bouillon R, et al. Need for additional calcium to 
reduce the risk of hip fracture with vitamin D supplementation: evidence 
from a comparative metaanalysis of randomized controlled trials. J Clin 
Endocrinol Metab 2007; 92: 1415-1423. 

227 Vasikaran SD, Sturdy G, Musk AA, Flicker L. Vitamin D insufficiency and 
hyperparathyroidism in Perth blood donors. Med J Aust 2000; 172: 406-
407. 

228 McGrath JJ, Kimlin MG, Saha S, et al. Vitamin D insufficiency in south-
east Queensland. Med J Aust 2001; 174: 150-151. 

229 Scragg R, Holdaway I, Jackson R, Lim T. Plasma 25-hydroxyvitamin D3 
and its relation to physical activity and other heart disease risk factors in 
the general population. Ann Epidemiol 1992; 2: 697-703. 

230 Brock K, Cant R, Clemson L, et al. Effects of diet and exercise on 
plasma vitamin D (25(OH)D) levels in Vietnamese immigrant elderly in 
Sydney, Australia. J Steroid Biochem Mol Biol 2007; 103: 786-792. 

231 Brock K, Huang WY, Fraser DR, et al. Low vitamin D status is 
associated with physical inactivity, obesity and low vitamin D intake in a 
large US sample of healthy middle-aged men and women. J Steroid 
Biochem Mol Biol 2010; 121: 462-466. 

232 Keating CL, Peeters A, Swinburn BA, et al. Utility-based quality of life 
associated with overweight and obesity: the Australian Diabetes, 
Obesity, and Lifestyle Study. Obesity (Silver Spring) 2012; Jun 15 [Epub 
ahead of print]. doi: 10.1038/oby.2012.151. 

233 Jones G, Blizzard C, Riley MD, et al. Vitamin D levels in prepubertal 
children in Southern Tasmania: prevalence and determinants. Eur J Clin 
Nutr 1999; 53: 824-829. 

234 Jones G, Dwyer T, Hynes KL, et al. Vitamin D insufficiency in adolescent 
males in Southern Tasmania: prevalence, determinants, and relationship 
to bone turnover markers. Osteoporos Int 2005; 16: 636-641. 

235 Teale GR, Cunningham CE. Vitamin D deficiency is common among 
pregnant women in rural Victoria. Aust N Z J Obstet Gynaecol 2010; 50: 
259-261. 

236 Need AG, Morris HA, Horowitz M, Nordin C. Effects of skin thickness, 
age, body fat, and sunlight on serum 25-hydroxyvitamin D. Am J Clin 

Nutr 1993; 58: 882-885. 
237 MacLaughlin J, Holick MF. Aging decreases the capacity of human skin 

to produce vitamin D3. J Clin Invest 1985; 76: 1536-1538. 
238 Holick MF, Matsuoka LY, Wortsman J. Age, vitamin D, and solar 

ultraviolet. Lancet 1989; 2: 1104-1105. 
239 Davie M, Lawson DE. Assessment of plasma 25-hydroxyvitamin D 

response to ultraviolet irradiation over a controlled area in young and 
elderly subjects. Clin Sci (Lond) 1980; 58: 235-242. 

240 Durvasula S, Kok C, Sambrook PN, et al. Sunlight and health: attitudes 
of older people living in intermediate care facilities in southern Australia. 
Arch Gerontol Geriatr 2010; 51: e94-e99. 

241 Medicare Australia. Statistical reports for item 66608: vitamin D or D 
fractions 2011. https://www.medicareaustralia.gov.au/statistics/mbs_ 

item.shtml (accessed Aug 2012). 
242 Binkley N, Krueger D, Lensmeyer G. 25-hydroxyvitamin D 

measurement, 2009: a review for clinicians. J Clin Densitom 2009; 12: 
417-427. 

243 Holick MF. Sunlight and vitamin D for bone health and prevention of 
autoimmune diseases, cancers, and cardiovascular disease. Am J Clin 
Nutr 2004; 80: 1678S-1688S. 

244 de la Hunty A, Wallace AM, Gibson S, et al. UK Food Standards Agency 
Workshop Consensus Report: the choice of method for measuring 25-
hydroxyvitamin D to estimate vitamin D status for the UK National Diet 
and Nutrition Survey. Br J Nutr 2010; 104: 612-619. 

245 Holick MF. Vitamin D status: measurement, interpretation, and clinical 
application. Ann Epidemiol 2009; 19: 73-78. 

246 Carter GD, Jones JC. Use of a common standard improves the 
performance of liquid chromatography-tandem mass spectrometry 
methods for serum 25-hydroxyvitamin-D. Ann Clin Biochem 2009; 46: 
79-81. 

247 Australian Bureau of Statistics. Australian Health Survey 2011–2013. 
http://www.abs.gov.au/australianhealthsurvey (accessed Jul 2012). 

248 Binkley N, Krueger D, Cowgill CS, et al. Assay variation confounds the 
diagnosis of hypovitaminosis D: a call for standardization. J Clin 
Endocrinol Metab 2004; 89: 3152-3157. 

249 Cavalier E, Huberty V, Cormier C, Souberbielle JC. Overestimation of 
the 25(OH)D serum concentration with the automated IDS EIA kit. J 
Bone Miner Res 2011; 26: 434-436. 

250 Glendenning P. Issues of standardization and assay-specific clinical 
decision limits for the measurement of 25-hydroxyvitamin D. Am J Clin 
Nutr 2003; 77: 522-523. 

251 Lai JK, Lucas RM, Banks E, Ponsonby AL; Ausimmune Investigator 
Group. Variability in vitamin D assays impairs clinical assessment of 
vitamin D status. Intern Med J 2012; 42: 43-50. 

252 Roth HJ, Schmidt-Gayk H, Weber H, Niederau C. Accuracy and clinical 
implications of seven 25-hydroxyvitamin D methods compared with 
liquid chromatography-tandem mass spectrometry as a reference. Ann 
Clin Biochem 2008; 45: 153-159. 

253 Cavalier E, Rozet E, Gadisseur R, et al. Measurement uncertainty of 25-
OH vitamin D determination with different commercially available kits: 
impact on the clinical cut offs. Osteoporos Int 2010; 21: 1047-1051. 

254 National Institutes of Health. Notice of Vitamin D Standardization 
Program 2011. Federal Register, the Daily Journal of the United States 

Government. https://www.federalregister.gov/articles/2011/03/02/2011-
4603/notice-of-vitamin-d-standardization-program (accessed Jul 2011). 

255 Phinney KW. Development of a standard reference material for vitamin 
D in serum. Am J Clin Nutr 2008; 88: 511S-512S. 

256 Diffey BL. Is casual exposure to summer sunlight effective at maintaining 
adequate vitamin D status? Photodermatol Photoimmunol Photomed 
2010; 26: 172-176. 

257 Holick MF. Sunlight “D”ilemma: risk of skin cancer or bone disease and 
muscle weakness. Lancet 2001; 357: 4-6. 

258 Holick MF. The vitamin D advantage. New York: iBooks, 2004: 164. 
259 Moan J, Lagunova Z, Cicarma E, et al. Sunbeds as vitamin D sources. 

Photochem Photobiol 2009; 85: 1474-1479. 
260 Sato Y, Iwamoto J, Honda Y. Amelioration of osteoporosis and 

hypovitaminosis D by sunlight exposure in Parkinson’s disease. 
Parkinsonism Relat Disord 2011; 17: 22-26. 

261 Bogh MK, Schmedes AV, Philipsen PA, et al. Vitamin D production after 
UVB exposure depends on baseline vitamin D and total cholesterol but 
not on skin pigmentation. J Invest Dermatol 2010; 130: 546-553. 

262 Diffey B. A behavioral model for estimating population exposure to solar 
ultraviolet radiation. Photochem Photobiol 2008; 84: 371-375. 

263 Terushkin V, Bender A, Psaty EL, et al. Estimated equivalency of vitamin 
D production from natural sun exposure versus oral vitamin D 
supplementation across seasons at two US latitudes. J Am Acad 
Dermatol 2010; 62: 929.e1-929.e9. 

264 Samanek AJ, Croager EJ, Gies P, et al. Estimates of beneficial and 
harmful sun exposure times during the year for major Australian 
population centres. Med J Aust 2006; 184: 338-341.  

265 Kimlin MG, Schallhorn KA. Estimations of the human ‘vitamin D’ UV 
exposure in the USA. Photochem Photobiol Sci 2004; 3: 1067-1070. 

266 Kimlin MG. Geographic location and vitamin D synthesis. Mol Aspects 
Med 2008; 29: 453-461. 

267 Matsuoka LY, Wortsman J, Haddad JG, et al. Racial pigmentation and 
the cutaneous synthesis of vitamin D. Arch Dermatol 1991; 127: 536-
538. 

268 Bouillon R. Genetic and environmental determinants of vitamin D status. 
Lancet 2010; 376: 148-149. 

269 Lagunova Z, Porojnicu AC, Lindberg F, et al. The dependency of vitamin 
D status on body mass index, gender, age and season. Anticancer Res 
2009; 29: 3713-3720. 

270 Rajakumar K, de las Heras J, Chen TC, et al. Vitamin D status, 
adiposity, and lipids in black American and Caucasian children. J Clin 
Endocrinol Metab 2011; 96: 1560-1567. 

271 Alemzadeh R, Kichler J, Babar G, Calhoun M. Hypovitaminosis D in 
obese children and adolescents: relationship with adiposity, insulin 
sensitivity, ethnicity, and season. Metabolism 2008; 57: 183-191. 

272 Smotkin-Tangorra M, Purushothaman R, Gupta A, et al. Prevalence of 
vitamin D insufficiency in obese children and adolescents. J Pediatr 
Endocrinol Metab 2007; 20: 817-823. 

273 Tsiaras WG, Weinstock MA. Factors influencing vitamin D status. Acta 
Derm Venereol 2011; 91: 115-124. 

274 Nowson CA, Margerison C. Vitamin D intake and vitamin D status of 
Australians. Med J Aust 2002; 177: 149-152.  

275 Eckersley N. Vitamin D fortified mushrooms to hit Aussie shelves. 
Australian Food News 2010; 7 Sep. 
http://www.ausfoodnews.com.au/2010/09/07/vitamin-d-fortified-
mushrooms-to-hit-aussie-shelves.html (accessed Aug 2012). 

276 Australian Food News. Bread fortification: vitamin D? Australian Food 
News 2011; 1 Mar. http://www.ausfoodnews.com.au/2011/03/01/bread-
fortification-vitamin-d.html (accessed Aug 2012). 

277 Houghton LA, Vieth R. The case against ergocalciferol (vitamin D2) as a 
vitamin supplement. Am J Clin Nutr 2006; 84: 694-697. 

278 Pignotti GA, Genaro PS, Pinheiro MM, et al. Is a lower dose of vitamin D 
supplementation enough to increase 25(OH)D status in a sunny 
country? Eur J Nutr 2010; 49: 277-283. 

279 Rajakumar K, Holick MF, Jeong K, et al. Impact of season and diet on 
vitamin D status of African American and Caucasian children. Clin 
Pediatr (Phila) 2011; 50: 493-502. 

280 Grant WB, Boucher BJ. Requirements for vitamin D across the life span. 
Biol Res Nurs 2011; 13: 120-133. 

281 Bischoff-Ferrari H. Vitamin D: what is an adequate vitamin D level and 
how much supplementation is necessary? Best Pract Res Clin 
Rheumatol 2009; 23: 789-795. 

282 Bischoff-Ferrari HA, Shao A, Dawson-Hughes B, et al. Benefit-risk 
assessment of vitamin D supplementation. Osteoporos Int 2010; 21: 
1121-1132. 

283 Weinstock MA, Moses AM. Skin cancer meets vitamin D: the way 
forward for dermatology and public health. J Am Acad Dermatol 2009; 
61: 720-724. 

284 Picciano MF. Vitamin D status and health. Crit Rev Food Sci Nutr 2010; 
50 Suppl 1: 24-25. 

285 Hancock JN, Shao A, Vieth R, Heaney R. Risk assessment for vitamin 
D. Am J Clin Nutr 2007; 85: 6-18. 

286 Binkley N, Ramamurthy R, Krueger D. Low vitamin D status: definition, 
prevalence, consequences, and correction. Endocrinol Metab Clin North 
Am 2010; 39: 287-301. 

287 Australian Government ComLaw. Australia New Zealand Food 
Standards Code — Standard 1.3.2 — Vitamins and minerals. 
F2011C00541. http://www.comlaw.gov.au/Details/F2011C00541 
(accessed Jul 2012). 

288 Whiting SJ, Langlois KA, Vatanparast H, Greene-Finestone LS. The 



Building healthy bones throughout life 

 

MJA Open 2 Suppl 1 ∙ 4 February 2013 41 

vitamin D status of Canadians relative to the 2011 Dietary Reference 
Intakes: an examination in children and adults with and without 
supplement use. Am J Clin Nutr 2011; 94: 128-135. 

289 Baker IDI Heart and Diabetes Institute. AusDiab [Australian Diabetes, 
Obesity and Lifestyle study]. http://www.bakeridi.edu.au/ausdiab/ 
(accessed Jul 2011). 

290 Daly R, Gagnon C, Lu ZX et al. Prevalence of vitamin D inadequacy and 
determinants of serum 25-hydroxyvitamin D levels among Australian 
adults: a national, population-based study. Clin Endocrinol (Oxf) 2012; 
77: 26-35.  

291 Kovacs CS. Vitamin D in pregnancy and lactation: maternal, fetal, and 
neonatal outcomes from human and animal studies. Am J Clin Nutr 
2008; 88: 520S-528S. 

292 Roth DE. Vitamin D supplementation during pregnancy: safety 
considerations in the design and interpretation of clinical trials. J 
Perinatol 2011; 31: 449-459. 

293 Bodnar LM, Catov JM, Simhan HN, et al. Maternal vitamin D deficiency 
increases the risk of preeclampsia. J Clin Endocrinol Metab 2007; 92: 
3517-3522. 

294 Haugen M, Brantsaeter AL, Trogstad L, et al. Vitamin D supplementation 
and reduced risk of preeclampsia in nulliparous women. Epidemiology 
2009; 20: 720-726. 

295 Bodnar LM, Simhan HN. Vitamin D may be a link to black-white 
disparities in adverse birth outcomes. Obstet Gynecol Surv 2010; 65: 
273-284. 

296 Zhang C, Qiu C, Hu FB, et al. Maternal plasma 25-hydroxyvitamin D 
concentrations and the risk for gestational diabetes mellitus. PLoS One 
2008; 3: e3753. 

297 Maghbooli Z, Hossein-Nezhad A, Karimi F, et al. Correlation between 
vitamin D3 deficiency and insulin resistance in pregnancy. Diabetes 
Metab Res Rev 2008; 24: 27-32. 

298 Ebeling PR. Routine screening for vitamin D deficiency in early 
pregnancy: past its due date? Med J Aust 2011; 194: 332-333.  

299 Bodnar LM, Krohn MA, Simhan HN. Maternal vitamin D deficiency is 
associated with bacterial vaginosis in the first trimester of pregnancy. J 
Nutr 2009; 139: 1157-1161. 

300 Merewood A, Mehta SD, Chen TC, et al. Association between vitamin D 
deficiency and primary cesarean section. J Clin Endocrinol Metab 2009; 
94: 940-945. 

301 Wagner CL, Johnson D, Hulsey TC, et al. Vitamin D supplementation 
during pregnancy part 2 NICHD/CTSA randomized clinical trial (RCT): 
outcomes. Abstract 1665.6. Pediatric Academic Societies Annual 
Meeting; 2010 May 1-4; Vancouver, Canada.  

302 Dror DK, Allen LH. Vitamin D inadequacy in pregnancy: biology, 
outcomes, and interventions. Nutr Rev 2010; 68: 465-477. 

303 Cockburn F, Belton NR, Purvis RJ, et al. Maternal vitamin D intake and 
mineral metabolism in mothers and their newborn infants. Br Med J 
1980; 281: 11-14. 

304 Ala-Houhala M, Koskinen T, Terho A, et al. Maternal compared with 
infant vitamin D supplementation. Arch Dis Child 1986; 61: 1159-1163. 

305 Datta S, Alfaham M, Davies DP, et al. Vitamin D deficiency in pregnant 
women from a non-European ethnic minority population — an 
interventional study. BJOG 2002; 109: 905-908.  

306 Sahu M, Das V, Aggarwal A, et al. Vitamin D replacement in pregnant 
women in rural north India: a pilot study. Eur J Clin Nutr 2009; 63: 1157-
1159. 

307 Brooke OG, Brown IR, Bone CD, et al. Vitamin D supplements in 
pregnant Asian women: effects on calcium status and fetal growth. Br 
Med J 1980; 280: 751-754. 

308 Maxwell JD, Ang L, Brooke OG, Brown IR. Vitamin D supplements 
enhance weight gain and nutritional status in pregnant Asians. Br J 
Obstet Gynaecol 1981; 88: 987-991. 

309 Delvin EE, Salle BL, Glorieux FH, et al. Vitamin D supplementation 
during pregnancy: effect on neonatal calcium homeostasis. J Pediatr 
1986; 109: 328-334. 

310 Mallet E, Gugi B, Brunelle P, et al. Vitamin D supplementation in 
pregnancy: a controlled trial of two methods. Obstet Gynecol 1986; 68: 
300-304. 

311 Yu CK, Sykes L, Sethi M, et al. Vitamin D deficiency and 
supplementation during pregnancy. Clin Endocrinol (Oxf) 2009; 70: 685-
690. 

312 Brough L, Rees GA, Crawford MA, et al. Effect of multiple-micronutrient 
supplementation on maternal nutrient status, infant birth weight and 
gestational age at birth in a low-income, multi-ethnic population. Br J 
Nutr 2010; 104: 437-445. 

313 Gale CR, Robinson SM, Harvey NC, et al; Princess Anne Hospital Study 
Group. Maternal vitamin D status during pregnancy and child outcomes. 
Eur J Clin Nutr 2008; 62: 68-77. 

314 Morley R, Carlin JB, Pasco JA, Wark JD. Maternal 25-hydroxyvitamin D 
and parathyroid hormone concentrations and offspring birth size. J Clin 
Endocrinol Metab 2006; 91: 906-912. 

315 Morley R, Carlin JB, Pasco JA, et al. Maternal 25-hydroxyvitamin D 
concentration and offspring birth size: effect modification by infant VDR 
genotype. Eur J Clin Nutr 2009; 63: 802-804. 

316 Javaid MK, Crozier SR, Harvey NC, et al; Princess Anne Hospital Study 
Group. Maternal vitamin D status during pregnancy and childhood bone 
mass at age 9 years: a longitudinal study. Lancet 2006; 367: 36-43. 

317 Rochat MK, Ege MJ, Plabst D, et al; PASTURE Study group. Maternal 
vitamin D intake during pregnancy increases gene expression of ILT3 
and ILT4 in cord blood. Clin Exp Allergy 2010; 40: 786-794. 

318 Mannion CA, Gray-Donald K, Koski KG. Association of low intake of milk 
and vitamin D during pregnancy with decreased birth weight. CMAJ 
2006; 174: 1273-1277. 

319 Brooke OG, Butters F, Wood C. Intrauterine vitamin D nutrition and 
postnatal growth in Asian infants. Br Med J (Clin Res Ed) 1981; 283: 
1024. 

320 Marya RK, Rathee S, Dua V, Sangwan K. Effect of vitamin D 
supplementation during pregnancy on foetal growth. Indian J Med Res 
1988; 88: 488-492. 

321 Congdon P, Horsman A, Kirby PA, et al. Mineral content of the forearms 
of babies born to Asian and white mothers. Br Med J (Clin Res Ed) 
1983; 286: 1233-1235. 

322 Mahon P, Harvey N, Crozier S, et al; SWS Study Group. Low maternal 
vitamin D status and fetal bone development: cohort study. J Bone 
Miner Res 2010; 25: 14-19. 

323 Viljakainen HT, Saarnio E, Hytinantti T, et al. Maternal vitamin D status 
determines bone variables in the newborn. J Clin Endocrinol Metab 
2010; 95: 1749-1757. 

324 Viljakainen HT, Korhonen T, Hytinantti T, et al. Maternal vitamin D status 
affects bone growth in early childhood — a prospective cohort study. 
Osteoporos Int 2011; 22: 883-891. 

325 Prentice A, Jarjou LM, Goldberg GR, et al. Maternal plasma 25-
hydroxyvitamin D concentration and birthweight, growth and bone 
mineral accretion of Gambian infants. Acta Paediatrica 2009; 98: 1360-
1362. 

326 Wagner CL, Greer FR; American Academy of Pediatrics Section on 
Breastfeeding; American Academy of Pediatrics Committee on Nutrition. 
Prevention of rickets and vitamin D deficiency in infants, children, and 
adolescents. Pediatrics 2008; 122: 1142-1152. 

327 Bowyer L, Catling-Paull C, Diamond T, et al. Vitamin D, PTH and 
calcium levels in pregnant women and their neonates. Clin Endocrinol 
(Oxf) 2009; 70: 372-377. 

328 Perampalam S, Ganda K, Chow KA, et al. Vitamin D status and its 
predictive factors in pregnancy in 2 Australian populations. Aust N Z J 
Obstet Gynaecol 2011; 51: 353-359. 

329 Chan GM, Roberts CC, Folland D, Jackson R. Growth and bone 
mineralization of normal breast-fed infants and the effects of lactation on 
maternal bone mineral status. Am J Clin Nutr 1982; 36: 438-443. 

330 Sowers M, Zhang D, Hollis BW, et al. Role of calciotrophic hormones in 
calcium mobilization of lactation. Am J Clin Nutr 1998; 67: 284-291. 

331 Sowers M, Crutchfield M, Jannausch M, et al. A prospective evaluation 
of bone mineral change in pregnancy. Obstet Gynecol 1991; 77: 841-
845. 

332 Laskey MA, Prentice A, Hanratty LA, et al. Bone changes after 3 mo of 
lactation: influence of calcium intake, breast-milk output, and vitamin D-
receptor genotype. Am J Clin Nutr 1998; 67: 685-692. 

333 Rothberg AD, Pettifor JM, Cohen DF, et al. Maternal-infant vitamin D 
relationships during breast-feeding. J Pediatr 1982; 101: 500-503. 

334 Saadi HF, Dawodu A, Afandi B, et al. Effect of combined maternal and 
infant vitamin D supplementation on vitamin D status of exclusively 
breastfed infants. Matern Child Nutr 2009; 5: 25-32. 

335 Basile LA, Taylor SN, Wagner CL, et al. The effect of high-dose vitamin 
D supplementation on serum vitamin D levels and milk calcium 
concentration in lactating women and their infants. Breastfeed Med 
2006; 1: 27-35. 

336 Hollis BW, Wagner CL. Vitamin D requirements during lactation: high-
dose maternal supplementation as therapy to prevent hypovitaminosis D 
for both the mother and the nursing infant. Am J Clin Nutr 2004; 80: 
1752S-1758S. 

337 Wagner CL, Hulsey TC, Fanning D, et al. High-dose vitamin D3 
supplementation in a cohort of breastfeeding mothers and their infants: a 
6-month follow-up pilot study. Breastfeed Med 2006; 1: 59-70. 

338 Hollis BW, Roos BA, Draper HH, Lambert PW. Vitamin D and its 
metabolites in human and bovine milk. J Nutr 1981; 111: 1240-1248. 

339 Specker BL, Tsang RC, Hollis BW. Effect of race and diet on human-milk 
vitamin D and 25-hydroxyvitamin D. Am J Dis Child 1985; 139: 1134-
1137. 

340 Wharton B, Bishop N. Rickets. Lancet 2003; 362: 1389-1400. 
341 Mayne V, McCredie D. Rickets in Melbourne. Med J Aust 1972; 2: 873-

875. 
342 Nozza JM, Rodda CP. Vitamin D deficiency in mothers of infants with 

rickets. Med J Aust 2001; 175: 253-255.  
343 Robinson PD, Hogler W, Craig ME, et al. The re-emerging burden of 

rickets: a decade of experience from Sydney. Arch Dis Child 2006; 91: 
564-568. 

344 Cosgrove L, Dietrich A. Nutritional rickets in breast-fed infants. J Fam 
Pract 1985; 21: 205-209. 

345 Gessner BD, deSchweinitz E, Petersen KM, Lewandowski C. Nutritional 
rickets among breast-fed black and Alaska Native children. Alaska Med 
1997; 39: 72-74, 87. 

346 Pugliese MT, Blumberg DL, Hludzinski J, Kay S. Nutritional rickets in 
suburbia. J Am Coll Nutr 1998; 17: 637-641. 

347 Kreiter SR, Schwartz RP, Kirkman HN Jr, et al. Nutritional rickets in 
African American breast-fed infants. J Pediatr 2000; 137: 153-157. 

348 Weisberg P, Scanlon KS, Li R, Cogswell ME. Nutritional rickets among 
children in the United States: review of cases reported between 1986 
and 2003. Am J Clin Nutr 2004; 80: 1697S-1705S. 

349 Haworth JC, Dilling LA. Vitamin-D-deficient rickets in Manitoba, 1972–
84. CMAJ 1986; 134: 237-241. 

350 Binet A, Kooh SW. Persistence of vitamin D-deficiency rickets in Toronto 



Building healthy bones throughout life 

42 MJA Open 2 Suppl 1 ∙ 4 February 2013 

in the 1990s. Can J Public Health 1996; 87: 227-230. 
351 Cranney A, Horsley T, O’Donnell S, et al; US Agency for Healthcare 

Research and Quality. Effectiveness and safety of vitamin D in relation 
to bone health. Rockville, Md: AHQR, 2007. (Evidence 
Reports/Technology Assessments, No. 158.) http://www.ncbi.nlm. 
nih.gov/books/NBK38410/ (accessed Oct 2012). 

352 Venkataraman PS, Tsang RC, Buckley DD, et al. Elevation of serum 
1,25-dihydroxyvitamin D in response to physiologic doses of vitamin D in 
vitamin D-deficient infants. J Pediatr 1983; 103: 416-419. 

353 Garabedian M, Vainsel M, Mallet E, et al. Circulating vitamin D 
metabolite concentrations in children with nutritional rickets. J Pediatr 
1983; 103: 381-386. 

354 Markestad T, Halvorsen S, Halvorsen KS, et al. Plasma concentrations 
of vitamin D metabolites before and during treatment of vitamin D 
deficiency rickets in children. Acta Paediatr Scand 1984; 73: 225-231. 

355 Elzouki AY, Markestad T, Elgarrah M, et al. Serum concentrations of 
vitamin D metabolites in rachitic Libyan children. J Pediatr Gastroenterol 
Nutr 1989; 9: 507-512. 

356 Bhimma R, Pettifor JM, Coovadia HM, et al. Rickets in black children 
beyond infancy in Natal. S Afr Med J 1995; 85: 668-672. 

357 Oginni LM, Worsfold M, Oyelami OA, et al. Etiology of rickets in Nigerian 
children. J Pediatr 1996; 128: 692-694. 

358 Baroncelli GI, Bertelloni S, Ceccarelli C, et al. Bone turnover in children 
with vitamin D deficiency rickets before and during treatment. Acta 

Paediatr 2000; 89: 513-518. 
359 Majid Molla A, Badawi MH, al-Yaish S, et al. Risk factors for nutritional 

rickets among children in Kuwait. Pediatr Int 2000; 42: 280-284. 
360 Thacher TD, Fischer PR, Pettifor JM, et al. Case-control study of factors 

associated with nutritional rickets in Nigerian children. J Pediatr 2000; 
137: 367-373. 

361 Soliman AT, Adel A, Wagdy M, et al. Manifestations of severe vitamin D 
deficiency in adolescents: effects of intramuscular injection of a 
megadose of cholecalciferol. J Trop Pediatr 2011; 57: 303-306. 

362 Cesur Y, Caksen H, Gundem A, et al. Comparison of low and high dose 
of vitamin D treatment in nutritional vitamin D deficiency rickets. J 
Pediatr Endocrinol Metab 2003; 16: 1105-1109. 

363 Graff M, Thacher TD, Fischer PR, et al. Calcium absorption in Nigerian 
children with rickets. Am J Clin Nutr 2004; 80: 1415-1421. 

364 Dawodu A, Agarwal M, Sankarankutty M, et al. Higher prevalence of 
vitamin D deficiency in mothers of rachitic than nonrachitic children. J 
Pediatr 2005; 147: 109-111. 

365 Bener A, Hoffmann GF. Nutritional rickets among children in a sun rich 
country. Int J Pediatr Endocrinol 2010; 2010: 410502. 

366 Arnaud SB, Stickler GB, Haworth JC. Serum 25-hydroxyvitamin D in 
infantile rickets. Pediatrics 1976; 57: 221-225. 

367 Balasubramanian K, Rajeswari J, Gulab, et al. Varying role of vitamin D 
deficiency in the etiology of rickets in young children vs. adolescents in 
northern India. J Trop Pediatr 2003; 49: 201-206. 

368 Dahifar H, Faraji A, Ghorbani A, Yassobi S. Impact of dietary and lifestyle 
on vitamin D in healthy student girls aged 11–15 years. J Med Invest 

2006; 53: 204-208. 
369 Thacher TD, Obadofin MO, O’Brien KO, Abrams SA. The effect of 

vitamin D2 and vitamin D3 on intestinal calcium absorption in Nigerian 
children with rickets. J Clin Endocrinol Metab 2009; 94: 3314-3321. 

370 Balsan S, Garabedian M. 25-Hydroxycholecalciferol. A comparative 
study in deficiency rickets and different types of resistant rickets. J Clin 
Invest 1972; 51: 749-759. 

371 Lubani MM, al-Shab TS, al-Saleh QA, et al. Vitamin-D-deficiency rickets 
in Kuwait: the prevalence of a preventable disease. Ann Trop Paediatr 
1989; 9: 134-139. 

372 Shah BR, Finberg L. Single-day therapy for nutritional vitamin D-
deficiency rickets: a preferred method. J Pediatr 1994; 125: 487-490. 

373 Kutluk G, Cetinkaya F, Basak M. Comparisons of oral calcium, high 
dose vitamin D and a combination of these in the treatment of nutritional 
rickets in children. J Trop Pediatr 2002; 48: 351-353. 

374 Akcam M, Yildiz M, Yilmaz A, Artan R. Bone mineral density in response 
to two different regimes in rickets. Indian Pediatr 2006; 43: 423-427. 

375 Moya M, Beltran J, Colomer J. Therapeutic and collateral effects of 25-
hydroxycholecalciferol in vitamin D deficiency. Eur J Pediatr 1977; 127: 
49-55. 

376 Soliman AT, El-Dabbagh M, Adel A, et al. Clinical responses to a mega-
dose of vitamin D3 in infants and toddlers with vitamin D deficiency 
rickets. J Trop Pediatr 2010; 56: 19-26. 

377 Guillemant J, Taupin P, Le HT, et al. Vitamin D status during puberty in 
French healthy male adolescents. Osteoporos Int 1999; 10: 222-225. 

378 Rajakumar K, Fernstrom JD, Janosky JE, Greenspan SL. Vitamin D 
insufficiency in preadolescent African-American children. Clin Pediatr 
(Phila) 2005; 44: 683-692. 

379 Harkness L, Cromer B. Low levels of 25-hydroxy vitamin D are 
associated with elevated parathyroid hormone in healthy adolescent 
females. Osteoporos Int 2005; 16: 109-113. 

380 Houghton LA, Szymlek-Gay EA, Gray AR, et al. Predictors of vitamin D 
status and its association with parathyroid hormone in young New 
Zealand children. Am J Clin Nutr 2010; 92: 69-76. 

381 Docio S, Riancho JA, Perez A, et al. Seasonal deficiency of vitamin D in 
children: a potential target for osteoporosis-preventing strategies? J 
Bone Miner Res 1998; 13: 544-548. 

382 Outila TA, Karkkainen MU, Lamberg-Allardt CJ. Vitamin D status affects 
serum parathyroid hormone concentrations during winter in female 
adolescents: associations with forearm bone mineral density. Am J Clin 

Nutr 2001; 74: 206-210. 
383 El-Hajj Fuleihan G, Nabulsi M, Choucair M, et al. Hypovitaminosis D in 

healthy schoolchildren. Pediatrics 2001; 107: E53. 
384 Guillemant J, Le HT, Maria A, et al. Wintertime vitamin D deficiency in 

male adolescents: effect on parathyroid function and response to vitamin 
D3 supplements. Osteoporos Int 2001; 12: 875-879. 

385 Cheng S, Tylavsky F, Kroger H, et al. Association of low 25-
hydroxyvitamin D concentrations with elevated parathyroid hormone 
concentrations and low cortical bone density in early pubertal and 
prepubertal Finnish girls. Am J Clin Nutr 2003; 78: 485-492. 

386 Abrams SA, Griffin IJ, Hawthorne KM, et al. Relationships among 
vitamin D levels, parathyroid hormone, and calcium absorption in young 
adolescents. J Clin Endocrinol Metab 2005; 90: 5576-5581. 

387 Namgung R, Tsang RC, Lee C, et al. Low total body bone mineral 
content and high bone resorption in Korean winter-born versus summer-
born newborn infants. J Pediatr 1998; 132: 421-425.  

388 Park MJ, Namgung R, Kim DH, Tsang RC. Bone mineral content is not 
reduced despite low vitamin D status in breast milk-fed infants versus 
cow’s milk based formula-fed infants. J Pediatr 1998; 132: 641-645. 

389 Bougle D, Sabatier JP, Bureau F, et al. Relationship between bone 
mineralization and aluminium in the healthy infant. Eur J Clin Nutr 1998; 
52: 431-435. 

390 Greer FR, Marshall S. Bone mineral content, serum vitamin D 
metabolite concentrations, and ultraviolet B light exposure in infants fed 
human milk with and without vitamin D2 supplements. J Pediatr 1989; 
114: 204-212. 

391 Greer FR, Searcy JE, Levin RS, et al. Bone mineral content and serum 
25-hydroxyvitamin D concentrations in breast-fed infants with and 
without supplemental vitamin D: one-year follow-up. J Pediatr 1982; 100: 
919-922. 

392 El-Hajj Fuleihan G, Nabulsi M, Tamim H, et al. Effect of vitamin D 
replacement on musculoskeletal parameters in school children: a 
randomized controlled trial. J Clin Endocrinol Metab 2006; 91: 405-412. 

393 Lehtonen-Veromaa M, Mottonen T, Nuotio I, et al. The effect of 
conventional vitamin D(2) supplementation on serum 25(OH)D 
concentration is weak among peripubertal Finnish girls: a 3-y 
prospective study. Eur J Clin Nutr 2002; 56: 431-437. 

394 Lehtonen-Veromaa MK, Mottonen TT, Nuotio IO, et al. Vitamin D and 
attainment of peak bone mass among peripubertal Finnish girls: a 3-y 
prospective study. Am J Clin Nutr 2002; 76: 1446-1453. 

395 Valimaki VV, Alfthan H, Lehmuskallio E, et al. Vitamin D status as a 
determinant of peak bone mass in young Finnish men. J Clin Endocrinol 
Metab 2004; 89: 76-80. 

396 Marwaha RK, Tandon N, Reddy DR, et al. Vitamin D and bone mineral 
density status of healthy schoolchildren in northern India. Am J Clin Nutr 
2005; 82: 477-482. 

397 Kristinsson JO, Valdimarsson O, Sigurdsson G, et al. Serum 25-
hydroxyvitamin D levels and bone mineral density in 16–20 years-old 
girls: lack of association. J Intern Med 1998; 243: 381-388. 

398 Ames SK, Ellis KJ, Gunn SK, et al. Vitamin D receptor gene Fok1 

polymorphism predicts calcium absorption and bone mineral density in 
children. J Bone Miner Res 1999; 14: 740-746. 

399 Sainz J, Van Tornout JM, Loro ML, et al. Vitamin D-receptor gene 
polymorphisms and bone density in prepubertal American girls of 
Mexican descent. N Engl J Med 1997; 337: 77-82. 

400 Arabi A, Zahed L, Mahfoud Z, et al. Vitamin D receptor gene 
polymorphisms modulate the skeletal response to vitamin D 
supplementation in healthy girls. Bone 2009; 45: 1091-1097. 

401 Winzenberg T, Powell S, Shaw KA, Jones G. Effects of vitamin D 
supplementation on bone density in healthy children: systematic review 
and meta-analysis. BMJ 2011; 342: c7254. 

402 Winzenberg TM, Powell S, Shaw KA, Jones G. Vitamin D 
supplementation for improving bone mineral density in children. 
Cochrane Database Syst Rev 2010; (10): CD006944. doi: 
10.1002/14651858.CD006944.pub2. 

403 Andersen R, Molgaard C, Skovgaard LT, et al. Effect of vitamin D 
supplementation on bone and vitamin D status among Pakistani 
immigrants in Denmark: a randomised double-blinded placebo-
controlled intervention study. Br J Nutr 2008; 100: 197-207. 

404 Cheng S, Lyytikainen A, Kroger H, et al. Effects of calcium, dairy 
product, and vitamin D supplementation on bone mass accrual and 
body composition in 10–12-y-old girls: a 2-y randomized trial. Am J Clin 
Nutr 2005; 82: 1115-1126; quiz 1147-1148.  

405 Viljakainen HT, Natri AM, Karkkainen M, et al. A positive dose-response 
effect of vitamin D supplementation on site-specific bone mineral 
augmentation in adolescent girls: a double-blinded randomized placebo-
controlled 1-year intervention. J Bone Miner Res 2006; 21: 836-844. 

406 Ward KA, Das G, Roberts SA, et al. A randomized, controlled trial of 
vitamin D supplementation upon musculoskeletal health in 
postmenarchal females. J Clin Endocrinol Metab 2010; 95: 4643-4651. 

407 Khadilkar AV, Sayyad MG, Sanwalka NJ, et al. Vitamin D 
supplementation and bone mass accrual in underprivileged adolescent 
Indian girls. Asia Pac J Clin Nutr 2010; 19: 465-472. 

408 Madar AA, Klepp KI, Meyer HE. Effect of free vitamin D(2) drops on 
serum 25-hydroxyvitamin D in infants with immigrant origin: a cluster 
randomized controlled trial. Eur J Clin Nutr 2009; 63: 478-484. 

409 Specker BL, Ho ML, Oestreich A, et al. Prospective study of vitamin D 
supplementation and rickets in China. J Pediatr 1992; 120: 733-739. 

410 Feliciano ES, Ho ML, Specker BL, et al. Seasonal and geographical 
variations in the growth rate of infants in China receiving increasing 



Building healthy bones throughout life 

 

MJA Open 2 Suppl 1 ∙ 4 February 2013 43 

dosages of vitamin D supplements. J Trop Pediatr 1994; 40: 162-165. 
411 Kim MJ, Na B, No SJ, et al. Nutritional status of vitamin D and the effect 

of vitamin D supplementation in Korean breast-fed infants. J Korean 
Med Sci 2010; 25: 83-89. 

412 Zeghoud F, Vervel C, Guillozo H, et al. Subclinical vitamin D deficiency 
in neonates: definition and response to vitamin D supplements. Am J 
Clin Nutr 1997; 65: 771-778. 

413 Zeghoud F, Ben-Mekhbi H, Djeghri N, Garabédian M. Vitamin D 
prophylaxis during infancy: comparison of the long-term effects of three 
intermittent doses (15, 5, or 2.5 mg) on 25-hydroxyvitamin D 
concentrations. Am J Clin Nutr 1994; 60: 393-396. 

414 Gordon CM, Williams AL, Feldman HA, et al. Treatment of 
hypovitaminosis D in infants and toddlers. J Clin Endocrinol Metab 2008; 
93: 2716-2721. 

415 Dong Y, Stallmann-Jorgensen IS, Pollock NK, et al. A 16-week 
randomized clinical trial of 2000 international units daily vitamin D3 
supplementation in black youth: 25-hydroxyvitamin D, adiposity, and 
arterial stiffness. J Clin Endocrinol Metab 2010; 95: 4584-4591. 

416 Molgaard C, Larnkjaer A, Cashman KD, et al. Does vitamin D 
supplementation of healthy Danish Caucasian girls affect bone turnover 
and bone mineralization? Bone 2010; 46: 432-439. 

417 Lehtonen-Veromaa M, Mottonen T, Irjala K, et al. Vitamin D intake is low 
and hypovitaminosis D common in healthy 9- to 15-year-old Finnish 
girls. Eur J Clin Nutr 1999; 53: 746-751. 

418 Ghazi AA, Hosseinpanah F, Ardakani EM, et al. Effects of different doses 
of oral cholecalciferol on serum 25(OH)D, PTH, calcium and bone 
markers during fall and winter in schoolchildren. Eur J Clin Nutr 2010; 
64: 1415-1422. 

419 Zeghoud F, Delaveyne R, Rehel P, et al. Vitamin D and pubertal 
maturation. Value and tolerance of vitamin D supplementation during the 
winter season [French]. Arch Pediatr 1995; 2: 221-226.  

420 Oliveri B, Cassinelli H, Mautalen C, Ayala M. Vitamin D prophylaxis in 
children with a single dose of 150000 IU of vitamin D. Eur J Clin Nutr 
1996; 50: 807-810. 

421 Tau C, Ciriani V, Scaiola E, Acuña M. Twice single doses of 100,000 IU 
of vitamin D in winter is adequate and safe for prevention of vitamin D 
deficiency in healthy children from Ushuaia, Tierra Del Fuego, Argentina. 
J Steroid Biochem Mol Biol 2007; 103: 651-654. 

422 Duhamel JF, Zeghoud F, Sempé M, et al. Prevention of vitamin D 
deficiency in adolescents and pre-adolescents. An interventional 
multicenter study on the biological effect of repeated doses of 100,000 
IU of vitamin D3 [French]. Arch Pediatr 2000; 7: 148-153.  

423 del Puente A, Esposito A, Savastano S, et al. Dietary calcium intake and 
serum vitamin D are major determinants of bone mass variations in 
women. A longitudinal study. Aging Clin Exp Res 2002; 14: 382-388. 

424 Schaafsma A, van Doormaal JJ, Muskiet FA, et al. Positive effects of a 
chicken eggshell powder-enriched vitamin-mineral supplement on 
femoral neck bone mineral density in healthy late post-menopausal 
Dutch women. Br J Nutr 2002; 87: 267-275. 

425 Cooper L, Clifton-Bligh PB, Nery ML, et al. Vitamin D supplementation 
and bone mineral density in early postmenopausal women. Am J Clin 

Nutr 2003; 77: 1324-1329. 
426 Aloia JF, Talwar SA, Pollack S, Yeh J. A randomized controlled trial of 

vitamin D3 supplementation in African American women. Arch Intern 
Med 2005; 165: 1618-1623. 

427 Dawson-Hughes B, Harris SS, Krall EA, et al. Rates of bone loss in 
postmenopausal women randomly assigned to one of two dosages of 
vitamin D. Am J Clin Nutr 1995; 61: 1140-1145. 

428 Dawson-Hughes B, Dallal GE, Krall EA, et al. Effect of vitamin D 
supplementation on wintertime and overall bone loss in healthy 
postmenopausal women. Ann Intern Med 1991; 115: 505-512. 

429 Baeksgaard L, Andersen KP, Hyldstrup L. Calcium and vitamin D 
supplementation increases spinal BMD in healthy, postmenopausal 
women. Osteoporos Int 1998; 8: 255-260. 

430 Moschonis G, Manios Y. Skeletal site-dependent response of bone 
mineral density and quantitative ultrasound parameters following a 12-
month dietary intervention using dairy products fortified with calcium and 
vitamin D: the Postmenopausal Health Study. Br J Nutr 2006; 96: 1140-
1148. 

431 Komulainen M, Kroger H, Tuppurainen MT, et al. Prevention of femoral 
and lumbar bone loss with hormone replacement therapy and vitamin 
D3 in early postmenopausal women: a population-based 5-year 
randomized trial. J Clin Endocrinol Metab 1999; 84: 546-552. 

432 Hunter D, Major P, Arden N, et al. A randomized controlled trial of vitamin 
D supplementation on preventing postmenopausal bone loss and 
modifying bone metabolism using identical twin pairs. J Bone Miner Res 
2000; 15: 2276-2283. 

433 Patel R, Collins D, Bullock S, et al. The effect of season and vitamin D 
supplementation on bone mineral density in healthy women: a double-
masked crossover study. Osteoporos Int 2001; 12: 319-325. 

434 Scragg R. Vitamin D and public health: an overview of recent research 
on common diseases and mortality in adulthood. Public Health Nutr 
2011; 14: 1515-1532. 

435 Garnero P, Munoz F, Sornay-Rendu E, Delmas PD. Associations of 
vitamin D status with bone mineral density, bone turnover, bone loss and 
fracture risk in healthy postmenopausal women. The OFELY study. 
Bone 2007; 40: 716-722. 

436 Roddam AW, Neale R, Appleby P, et al. Association between plasma 25-
hydroxyvitamin D levels and fracture risk: the EPIC-Oxford study. Am J 
Epidemiol 2007; 166: 1327-1336. 

437 DIPART (Vitamin D Individual Patient Analysis of Randomized Trials) 
Group. Patient level pooled analysis of 68 500 patients from seven 
major vitamin D fracture trials in US and Europe. BMJ 2010; 340: b5463. 

438 Izaks GJ. Fracture prevention with vitamin D supplementation: 
considering the inconsistent results. BMC Musculoskelet Disord 2007; 8: 
26. 

439 Sawka AM, Ismaila N, Cranney A, et al. A scoping review of strategies 
for the prevention of hip fracture in elderly nursing home residents. PLoS 
One 2010; 5: e9515. 

440 Heaney RP. Vitamin D in health and disease. Clin J Am Soc Nephrol 
2008; 3: 1535-1541. 

441 Komulainen MH, Kroger H, Tuppurainen MT, et al. HRT and Vit D in 
prevention of non-vertebral fractures in postmenopausal women; a 5 
year randomized trial. Maturitas 1998; 31: 45-54. 

442 Prince RL, Austin N, Devine A, et al. Effects of ergocalciferol added to 
calcium on the risk of falls in elderly high-risk women. Arch Intern Med 
2008; 168: 103-108. 

443 Bischoff-Ferrari HA, Dawson-Hughes B, Staehelin HB, et al. Fall 
prevention with supplemental and active forms of vitamin D: a meta-
analysis of randomised controlled trials. BMJ 2009; 339: b3692. 

444 Hackman KL, Gagnon C, Briscoe RK, et al. Efficacy and safety of oral 
continuous low-dose versus short-term high-dose vitamin D: a 
prospective randomised trial conducted in a clinical setting. Med J Aust 
2010; 192: 686-689.  

445 Dawson-Hughes B, Harris SS, Krall EA, Dallal GE. Effect of calcium and 
vitamin D supplementation on bone density in men and women 65 years 
of age or older. N Engl J Med 1997; 337: 670-676. 

446 Adami S, Giannini S, Bianchi G, et al. Vitamin D status and response to 
treatment in post-menopausal osteoporosis. Osteoporos Int 2009; 20: 
239-244. 

447 Ebeling PR. Clinical practice. Osteoporosis in men. N Engl J Med 2008; 
358: 1474-1482. 

448 Maclsaac RJ, Seeman E, Jerums G. Seizures after alendronate. J R 
Soc Med 2002; 95: 615-616. 

449 Bertoldo F, Pancheri S, Zenari S, et al. Serum 25-hydroxyvitamin D 
levels modulate the acute-phase response associated with the first 
nitrogen-containing bisphosphonate infusion. J Bone Miner Res 2010; 
25: 447-454. 

450 Schurch MA, Rizzoli R, Slosman D, et al. Protein supplements increase 
serum insulin-like growth factor-I levels and attenuate proximal femur 
bone loss in patients with recent hip fracture. A randomized, double-
blind, placebo-controlled trial. Ann Intern Med 1998; 128: 801-809. 

451 Calvo MS, Kumar R, Heath H. Persistently elevated parathyroid 
hormone secretion and action in young women after four weeks of 
ingesting high phosphorus, low calcium diets. J Clin Endocrinol Metab 
1990; 70: 1334-1340. 

452 Nowson CA, Patchett A, Wattanapenpaiboon N. The effects of a low-
sodium base-producing diet including red meat compared with a high-
carbohydrate, low-fat diet on bone turnover markers in women aged 45–
75 years. Br J Nutr 2009; 102: 1161-1170. 

453 Nordin BE, Need AG, Morris HA, Horowitz M. The nature and 
significance of the relationship between urinary sodium and urinary 
calcium in women. J Nutr 1993; 123: 1615-1622.  

454 Devine A, Criddle RA, Dick IM, et al. A longitudinal study of the effect of 
sodium and calcium intakes on regional bone density in 
postmenopausal women. Am J Clin Nutr 1995; 62: 740-745. 

455 Carbone LD, Bush AJ, Barrow KD, Kang AH. The relationship of sodium 
intake to calcium and sodium excretion and bone mineral density of the 
hip in postmenopausal African-American and Caucasian women. J 
Bone Miner Metab 2003; 21: 415-420. 

456 Prynne CJ, Mishra GD, O’Connell MA, et al. Fruit and vegetable intakes 
and bone mineral status: a cross sectional study in 5 age and sex 
cohorts. Am J Clin Nutr 2006; 83: 1420-1428. 

457 Aydin H, Deyneli O, Yavuz D, et al. Short-term oral magnesium 
supplementation suppresses bone turnover in postmenopausal 
osteoporotic women. Biol Trace Elem Res 2010; 133: 136-143. 

458 Baker A, Harvey L, Majask-Newman G, et al. Effect of dietary copper 
intakes on biochemical markers of bone metabolism in healthy adult 
males. Eur J Clin Nutr 1999; 53: 408-412. 

459 Cashman KD, Baker A, Ginty F, et al. No effect of copper 
supplementation on biochemical markers of bone metabolism in healthy 
young adult females despite apparently improved copper status. Eur J 
Clin Nutr 2001; 55: 525-531. 

460 Baker A, Turley E, Bonham MP, et al. No effect of copper 
supplementation on biochemical markers of bone metabolism in healthy 
adults. Br J Nutr 1999; 82: 283-290. 

461 Booth SL. Skeletal functions of vitamin K-dependent proteins: not just for 
clotting anymore. Nutr Rev 1997; 55: 282-284. 

462 Vanakker OM, Martin L, Schurgers LJ, et al. Low serum vitamin K in 
PXE results in defective carboxylation of mineralization inhibitors similar 
to the GGCX mutations in the PXE-like syndrome. Lab Invest 2010; 90: 
895-905. 

463 Fang Y, Hu C, Tao X, et al. Effect of vitamin K on bone mineral density: a 
meta-analysis of randomized controlled trials. J Bone Miner Metab 2012; 
30: 60-68. 

464 Melhus H, Michaelsson K, Kindmark A, et al. Excessive dietary intake of 
vitamin A is associated with reduced bone mineral density and increased 
risk for hip fracture. Ann Intern Med 1998; 129: 770-778. 

465 Whiting SJ, Lemke B. Excess retinol intake may explain the high 
incidence of osteoporosis in northern Europe. Nutr Rev 1999; 57: 192-



Building healthy bones throughout life 

44 MJA Open 2 Suppl 1 ∙ 4 February 2013 

195. 
466 Freudenheim JL, Johnson NE, Smith EL. Relationships between usual 

nutrient intake and bone-mineral content of women 35–65 years of age: 
longitudinal and cross-sectional analysis. Am J Clin Nutr 1986; 44: 863-
876. 

467 Hall SL, Greendale GA. The relation of dietary vitamin C intake to bone 
mineral density: results from the PEPI study. Calcif Tissue Int 1998; 63: 
183-189. 

468 Forwood MR, Burr DB. Physical activity and bone mass: exercises in 
futility? Bone Miner 1993; 21: 89-112. 

469 Hind K, Burrows M. Weight-bearing exercise and bone mineral accrual 
in children and adolescents: a review of controlled trials. Bone 2007; 40: 
14-27.  

470 Fuchs RK, Bauer JJ, Snow CM. Jumping improves hip and lumbar 
spine bone mass in prepubescent children: a randomized controlled trial. 
J Bone Miner Res 2001; 16: 148-156.  

471 Johannsen N, Binkley T, Englert V, et al. Bone response to jumping is 
site-specific in children: a randomized trial. Bone 2003; 33: 533-539. 

472 MacKelvie KJ, Khan KM, Petit MA, et al. A school-based exercise 
intervention elicits substantial bone health benefits: a 2-year randomized 
controlled trial in girls. Pediatrics 2003; 112: e447-e452. 

473 Mackelvie KJ, McKay HA, Khan KM, Crocker PR. A school-based 
exercise intervention augments bone mineral accrual in early pubertal 
girls. J Pediatr 2001; 139: 501-508. 

474 MacKelvie KJ, McKay HA, Petit MA, et al. Bone mineral response to a 7-
month randomized controlled, school-based jumping intervention in 121 
prepubertal boys: associations with ethnicity and body mass index. J 
Bone Miner Res 2002; 17: 834-844. 

475 MacKelvie KJ, Petit MA, Khan KM, et al. Bone mass and structure are 
enhanced following a 2-year randomized controlled trial of exercise in 
prepubertal boys. Bone 2004; 34: 755-764. 

476 Bailey DA, McKay HA, Mirwald RL, et al. A six-year longitudinal study of 
the relationship of physical activity to bone mineral accrual in growing 
children: the university of Saskatchewan bone mineral accrual study. J 
Bone Miner Res 1999; 14: 1672-1679. 

477 Meyer U, Romann M, Zahner L, et al. Effect of a general school-based 
physical activity intervention on bone mineral content and density: a 
cluster-randomized controlled trial. Bone 2011; 48: 792-797. 

478 Macdonald HM, Kontulainen SA, Petit MA, et al. Does a novel school-
based physical activity model benefit femoral neck bone strength in pre- 
and early pubertal children? Osteoporos Int 2008; 19: 1445-1456. 

479 Petit MA, McKay HA, MacKelvie KJ, et al. A randomized school-based 
jumping intervention confers site and maturity-specific benefits on bone 
structural properties in girls: a hip structural analysis study. J Bone Miner 
Res 2002; 17: 363-372. 

480 McKay HA, Petit MA, Schutz RW, et al. Augmented trochanteric bone 
mineral density after modified physical education classes: a randomized 
school-based exercise intervention study in prepubescent and early 
pubescent children. J Pediatr 2000; 136: 156-162. 

481 Jarvinen TL, Kannus P, Sievanen H. Have the DXA-based exercise 

studies seriously underestimated the effects of mechanical loading on 
bone? J Bone Miner Res 1999; 14: 1634-1635. 

482 Ducher G, Daly RM, Bass SL. Effects of repetitive loading on bone mass 
and geometry in young male tennis players: a quantitative study using 
MRI. J Bone Miner Res 2009; 24: 1686-1692. 

483 Ducher G, Bass SL, Saxon L, Daly RM. Effects of repetitive loading on 
the growth-induced changes in bone mass and cortical bone geometry: 
a 12-month study in pre/peri- and postmenarcheal tennis players. J 
Bone Miner Res 2011; 26: 1321-1329. 

484 Kontulainen S, Sievanen H, Kannus P, et al. Effect of long-term impact-
loading on mass, size, and estimated strength of humerus and radius of 
female racquet-sports players: a peripheral quantitative computed 
tomography study between young and old starters and controls. J Bone 

Miner Res 2002; 17: 2281-2289. 
485 Dyson K, Blimkie CJ, Davison KS, et al. Gymnastic training and bone 

density in pre-adolescent females. Med Sci Sports Exerc 1997; 29: 443-
450. 

486 Bass SL, Saxon L, Daly RM, et al. The effect of mechanical loading on 
the size and shape of bone in pre-, peri-, and postpubertal girls: a study 
in tennis players. J Bone Miner Res 2002; 17: 2274-2280. 

487 Ward KA, Roberts SA, Adams JE, Mughal MZ. Bone geometry and 
density in the skeleton of pre-pubertal gymnasts and school children. 
Bone 2005; 36: 1012-1018. 

488 Weeks BK, Young CM, Beck BR. Eight months of regular in-school 
jumping improves indices of bone strength in adolescent boys and girls: 
the POWER PE study. J Bone Miner Res 2008; 23: 1002-1011. 

489 Macdonald HM, Kontulainen SA, Khan KM, McKay HA. Is a school-
based physical activity intervention effective for increasing tibial bone 
strength in boys and girls? J Bone Miner Res 2007; 22: 434-446. 

490 Nikander R, Sievanen H, Heinonen A, et al. Targeted exercise against 
osteoporosis: a systematic review and meta-analysis for optimising bone 
strength throughout life. BMC Med 2010; 8: 47. 

491 Bass S, Pearce G, Bradney M, et al. Exercise before puberty may 
confer residual benefits in bone density in adulthood: studies in active 
prepubertal and retired female gymnasts. J Bone Miner Res 1998; 13: 
500-507. 

492 Gunter K, Baxter-Jones AD, Mirwald RL, et al. Impact exercise 
increases BMC during growth: an 8-year longitudinal study. J Bone 
Miner Res 2008; 23: 986-993. 

493 Karlsson MK, Linden C, Karlsson C, et al. Exercise during growth and 

bone mineral density and fractures in old age. Lancet 2000; 355: 469-
470. 

494 Karlsson M, Ahlborg H, Obrant K, et al. Exercise during growth and 
young adulthood is associated with reduced fracture risk in old age. J 
Bone Miner Res 2002; 17 (Suppl 1): S297. Abstract SU014. 

495 Nordstrom A, Karlsson C, Nyquist F, et al. Bone loss and fracture risk 
after reduced physical activity. J Bone Miner Res 2005; 20: 202-207. 

496 Kettunen JA, Impivaara O, Kujala UM, et al. Hip fractures and femoral 
bone mineral density in male former elite athletes. Bone 2010; 46: 330-
335. 

497 McKay HA, MacLean L, Petit M, et al. “Bounce at the Bell”: a novel 
program of short bouts of exercise improves proximal femur bone mass 
in early pubertal children. Br J Sports Med 2005; 39: 521-526. 

498 Heinonen A, Sievanen H, Kannus P, et al. High-impact exercise and 
bones of growing girls: a 9-month controlled trial. Osteoporos Int 2000; 
11: 1010-1017. 

499 Lofgren B, Detter F, Dencker M, et al. Influence of a three-year exercise 
intervention program on fracture risk, bone mass and bone size in 
prepubertal children. J Bone Miner Res 2011; 26: 1740-1747. 

500 Kannus P, Haapasalo H, Sankelo M, et al. Effect of starting age of 
physical activity on bone mass in the dominant arm of tennis and 
squash players. Ann Intern Med 1995; 123: 27-31. 

501 Bradney M, Pearce G, Naughton G, et al. Moderate exercise during 
growth in prepubertal boys: changes in bone mass, size, volumetric 
density, and bone strength: a controlled prospective study. J Bone Miner 
Res 1998; 13: 1814-1821. 

502 Stear SJ, Prentice A, Jones SC, Cole TJ. Effect of a calcium and 
exercise intervention on the bone mineral status of 16–18-y-old 
adolescent girls. Am J Clin Nutr 2003; 77: 985-992. 

503 Blimkie CJ, Rice S, Webber CE, et al. Effects of resistance training on 
bone mineral content and density in adolescent females. Can J Physiol 
Pharmacol 1996; 74: 1025-1033. 

504 Nichols DL, Sanborn CF, Love AM. Resistance training and bone 
mineral density in adolescent females. J Pediatr 2001; 139: 494-500. 

505 Macdonald HM, Cooper DM, McKay HA. Anterior-posterior bending 
strength at the tibial shaft increases with physical activity in boys: 
evidence for non-uniform geometric adaptation. Osteoporos Int 2009; 
20: 61-70. 

506 Kohrt WM, Bloomfield SA, Little KD, et al; American College of Sports 
Medicine. American College of Sports Med Position Stand: physical 
activity and bone health. Med Sci Sports Exerc 2004; 36: 1985-1996. 

507 Foley S, Quinn S, Dwyer T, et al. Measures of childhood fitness and 
body mass index are associated with bone mass in adulthood: a 20-year 
prospective study. J Bone Miner Res 2008; 23: 994-1001. 

508 Ma D, Jones G. Television, computer, and video viewing; physical 
activity; and upper limb fracture risk in children: a population-based case 
control study. J Bone Miner Res 2003; 18: 1970-1977. 

509 Snow-Harter C, Whalen R, Myburgh K, et al. Bone mineral density, 
muscle strength, and recreational exercise in men. J Bone Miner Res 
1992; 7: 1291-1296. 

510 Ulrich CM, Georgiou CC, Snow-Harter CM, Gillis DE. Bone mineral 
density in mother-daughter pairs: relations to lifetime exercise, lifetime 
milk consumption, and calcium supplements. Am J Clin Nutr 1996; 63: 
72-79. 

511 Aloia JF, Vaswani AN, Yeh JK, Cohn SH. Premenopausal bone mass is 
related to physical activity. Arch Intern Med 1988; 148: 121-123. 

512 Krall EA, Dawson-Hughes B. Walking is related to bone density and 
rates of bone loss. Am J Med 1994; 96: 20-26. 

513 Hagberg JM, Zmuda JM, McCole SD, et al. Moderate physical activity is 
associated with higher bone mineral density in postmenopausal women. 
J Am Geriatr Soc 2001; 49: 1411-1417. 

514 Lauritzen JB, McNair PA, Lund B. Risk factors for hip fractures. A review. 
Dan Med Bull 1993; 40: 479-485. 

515 Farmer ME, White LR, Brody JA, Bailey KR. Race and sex differences 
in hip fracture incidence. Am J Public Health 1984; 74: 1374-1380. 

516 Farmer ME, Harris T, Madans JH, et al. Anthropometric indicators and 
hip fracture. The NHANES I epidemiologic follow-up study. J Am Geriatr 
Soc 1989; 37: 9-16. 

517 Grisso JA, Kelsey JL, Strom BL, et al; Northeast Hip Fracture Study 
Group. Risk factors for falls as a cause of hip fracture in women. N Engl 
J Med 1991; 324: 1326-1331. 

518 Lau EM, Donnan SP. Falls and hip fracture in Hong Kong Chinese. 
Public Health 1990; 104: 117-121. 

519 Cummings SR, Nevitt MC, Browner WS, et al; Study of Osteoporotic 
Fractures Research Group. Risk factors for hip fracture in white women. 
N Engl J Med 1995; 332: 767-773. 

520 Coupland C, Wood D, Cooper C. Physical inactivity is an independent 
risk factor for hip fracture in the elderly. J Epidemiol Community Health 
1993; 47: 441-443. 

521 Kelley GA, Kelley KS, Tran ZV. Resistance training and bone mineral 
density in women: a meta-analysis of controlled trials. Am J Phys Med 
Rehabil 2001; 80: 65-77. 

522 Wolff I, van Croonenborg JJ, Kemper HC, et al. The effect of exercise 
training programs on bone mass: a meta-analysis of published 
controlled trials in pre- and postmenopausal women. Osteoporos Int 
1999; 9: 1-12. 

523 Wallace BA, Cumming RG. Systematic review of randomized trials of 
the effect of exercise on bone mass in pre- and postmenopausal 
women. Calcif Tissue Int 2000; 67: 10-18. 

524 Martyn-St James M, Carroll S. Strength training combined with 



Building healthy bones throughout life 

 

MJA Open 2 Suppl 1 ∙ 4 February 2013 45 

plyometric jumps in adults: sex differences in fat-bone axis adaptations. 
J Appl Physiol 2009; 107: 636; author reply 637.  

525 Heinonen A, Kannus P, Sievanen H, et al. Randomised controlled trial of 
effect of high-impact exercise on selected risk factors for osteoporotic 
fractures. Lancet 1996; 348: 1343-1347. 

526 Bassey EJ, Ramsdale SJ. Increase in femoral bone density in young 
women following high-impact exercise. Osteoporos Int 1994; 4: 72-75. 

527 Bassey EJ, Rothwell MC, Littlewood JJ, Pye DW. Pre- and 
postmenopausal women have different bone mineral density responses 
to the same high-impact exercise. J Bone Miner Res 1998; 13: 1805-
1813. 

528 Winters KM, Snow CM. Detraining reverses positive effects of exercise 
on the musculoskeletal system in premenopausal women. J Bone Miner 

Res 2000; 15: 2495-2503. 
529 Burr DB, Robling AG, Turner CH. Effects of biomechanical stress on 

bones in animals. Bone 2002; 30: 781-786. 
530 Martyn-St James M, Carroll S. Meta-analysis of walking for preservation 

of bone mineral density in postmenopausal women. Bone 2008; 43: 
521-531. 

531 Martyn-St James M, Carroll S. A meta-analysis of impact exercise on 
postmenopausal bone loss: the case for mixed loading exercise 
programmes. Br J Sports Med 2009; 43: 898-908. 

532 Bonaiuti D, Shea B, Iovine R, et al. Exercise for preventing and treating 
osteoporosis in postmenopausal women. Cochrane Database Syst Rev 
2002; (3): CD000333. doi: 10.1002/14651858.CD000333.pub2. 

533 Notelovitz M, Martin D, Tesar R, et al. Estrogen therapy and variable-
resistance weight training increase bone mineral in surgically 
menopausal women. J Bone Miner Res 1991; 6: 583-590. 

534 Nelson ME, Fiatarone MA, Morganti CM, et al. Effects of high-intensity 
strength training on multiple risk factors for osteoporotic fractures. A 
randomized controlled trial. JAMA 1994; 272: 1909-1914. 

535 Kohrt WM, Ehsani AA, Birge SJ Jr. Effects of exercise involving 
predominantly either joint-reaction or ground-reaction forces on bone 
mineral density in older women. J Bone Miner Res 1997; 12: 1253-
1261. 

536 Kerr D, Ackland T, Maslen B, et al. Resistance training over 2 years 
increases bone mass in calcium-replete postmenopausal women. J 
Bone Miner Res 2001; 16: 175-181. 

537 Fiatarone MA, O’Neill EF, Ryan ND, et al. Exercise training and 
nutritional supplementation for physical frailty in very elderly people. N 
Engl J Med 1994; 330: 1769-1775. 

538 Nelson ME, Fisher EC, Dilmanian FA, et al. A 1-y walking program and 
increased dietary calcium in postmenopausal women: effects on bone. 
Am J Clin Nutr 1991; 53: 1304-1311. 

539 Kerr D, Morton A, Dick I, Prince R. Exercise effects on bone mass in 
postmenopausal women are site-specific and load-dependent. J Bone 
Miner Res 1996; 11: 218-225. 

540 Maddalozzo GF, Snow CM. High intensity resistance training: effects on 
bone in older men and women. Calcif Tissue Int 2000; 66: 399-404. 

541 Kohrt W, Yarasheski K, Hollosy J. Effects of exercise training on bone 
mass in elderly women and men with physical frailty. Bone 1998; 23 
Suppl 1: S499. 

542 Cussler EC, Lohman TG, Going SB, et al. Weight lifted in strength 
training predicts bone change in postmenopausal women. Med Sci 
Sports Exerc 2003; 35: 10-17. 

543 Fiatarone MA, O’Neill EF, Doyle N, et al. The Boston FICSIT study: the 
effects of resistance training and nutritional supplementation on physical 
frailty in the oldest old. J Am Geriatr Soc 1993; 41: 333-337. 

544 Mazzeo R, Cavanaugh P, Evans W, et al. ACSM Position Stand. 
Exercise and physical activity for older adults. Med Sci Sports Exerc 
1998; 30: 992-1008. 

545 Foldvari M, Clark M, Laviolette LC, et al. Association of muscle power 
with functional status in community-dwelling elderly women. J Gerontol 
A Biol Sci Med Sci 2000; 55: M192-M199. 

546 Morris JN, Fiatarone M, Kiely DK, et al. Nursing rehabilitation and 
exercise strategies in the nursing home. J Gerontol A Biol Sci Med Sci 
1999; 54: M494-M500. 

547 Hausdorff JM, Nelson ME, Kaliton D, et al. Etiology and modification of 
gait instability in older adults: a randomized controlled trial of exercise. J 
Appl Physiol 2001; 90: 2117-2129. 

548 Singh MA. Exercise comes of age: rationale and recommendations for a 
geriatric exercise prescription. J Gerontol A Biol Sci Med Sci 2002; 57: 
M262-M282. 

549 Bassey EJ, Ramsdale SJ. Weight-bearing exercise and ground reaction 
forces: a 12-month randomized controlled trial of effects on bone mineral 
density in healthy postmenopausal women. Bone 1995; 16: 469-476. 

550 Marks R. Physical activity and hip fracture disability: a review. J Aging 

Res 2011; 2011: 741918. 
551 Li WC, Chen YC, Yang RS, Tsauo JY. Effects of exercise programmes 

on quality of life in osteoporotic and osteopenic postmenopausal 
women: a systematic review and meta-analysis. Clin Rehabil 2009; 23: 
888-896. 

552 Hauer K, Rost B, Rutschle K, et al. Exercise training for rehabilitation 
and secondary prevention of falls in geriatric patients with a history of 
injurious falls. J Am Geriatr Soc 2001; 49: 10-20. 

553 Singh N, Stavrinos T, Scarbeck Y, et al. The effectiveness and 
appropriate intensity of progressive resistance training required to treat 
clinical depression in the elderly. Aust N Z J Med 2000; 30: 304. 

554 Singh N, Fiatarone Singh MA. Exercise and depression in the older 
adult. Nutr Clin Care 2000; 3: 197-208. 

555 Clemson L. Prevention of falls in the community. BMJ 2010; 340: c2244. 
556 Host HH, Sinacore DR, Bohnert KL, et al. Training-induced strength and 

functional adaptations after hip fracture. Phys Ther 2007; 87: 292-303. 
557 Aharonoff GB, Dennis MG, Elshinawy A, et al. Circumstances of falls 

causing hip fractures in the elderly. Clin Orthop Relat Res 1998; (348): 
10-14. 

558 Ftouh S, Morga A, Swift C; Guideline Development Group. Management 
of hip fracture in adults: summary of NICE guidance. BMJ 2011; 342: 
d3304. 

559 Handoll HH, Sherrington C, Mak JC. Interventions for improving mobility 
after hip fracture surgery in adults. Cochrane Database Syst Rev 2011; 
(3): CD001704. doi: 10.1002/14651858.CD001704.pub4. 

560 Cameron ID, Handoll HH, Finnegan TP, et al. Co-ordinated 
multidisciplinary approaches for inpatient rehabilitation of older patients 
with proximal femoral fractures. Cochrane Database Syst Rev 2000; (4): 
CD000106. doi: 10.1002/14651858.CD000106. 

561 Mangione KK, Lopopolo RB, Neff NP, et al. Interventions used by 
physical therapists in home care for people after hip fracture. Phys Ther 
2008; 88: 199-210. 

562 Singh NA, Quine S, Clemson LM, et al. Effects of high-intensity 
progressive resistance training and targeted multidisciplinary treatment 
of frailty on mortality and nursing home admissions after hip fracture: a 
randomized controlled trial. J Am Med Dir Assoc 2012; 13: 24-30. 

563 Drinkwater B, Grimson S, Cullen-Raab D, et al. ACSM Position Stand. 
Osteoporosis and exercise. Med Sci Sports Exerc 1995; 27 (4): i-vii. 

564 Hamdy RC, Anderson JS, Whalen KE, Harvill LM. Regional differences 
in bone density of young men involved in different exercises. Med Sci 
Sports Exerc 1994; 26: 884-888. 

565 Aloia JF, Cohn SH, Ostuni JA, et al. Prevention of involutional bone loss 
by exercise. Ann Intern Med 1978; 89: 356-358. 

566 Dalsky GP, Stocke KS, Ehsani AA, et al. Weight-bearing exercise 
training and lumbar bone mineral content in postmenopausal women. 
Ann Intern Med 1988; 108: 824-828. 

567 Dawson-Hughes B. Nutrition, exercise, and lifestyle factors that affect 
bone health. In: Kotsonis F, Mackey MA, editors. Nutrition in the ’90s: 
current controversies and analysis. New York: Marcel Dekker, 1994: Vol 
1: 170. 

568 Chow R, Harrison JE, Notarius C. Effect of two randomised exercise 
programmes on bone mass of healthy postmenopausal women. Br Med 

J (Clin Res Ed) 1987; 295: 1441-1444. 
569 Krolner B, Toft B, Pors Nielsen S, Tondevold E. Physical exercise as 

prophylaxis against involutional vertebral bone loss: a controlled trial. 
Clin Sci (Lond) 1983; 64: 541-546.  

570 Kohrt WM, Snead DB, Slatopolsky E, Birge SJ Jr. Additive effects of 
weight-bearing exercise and estrogen on bone mineral density in older 
women. J Bone Miner Res 1995; 10: 1303-1311. 

571 Braith RW, Mills RM, Welsch MA, et al. Resistance exercise training 
restores bone mineral density in heart transplant recipients. J Am Coll 
Cardiol 1996; 28: 1471-1477. 

572 McCartney N, Hicks AL, Martin J, Webber CE. Long-term resistance 
training in the elderly: effects on dynamic strength, exercise capacity, 
muscle, and bone. J Gerontol A Biol Sci Med Sci 1995; 50: B97-B104. 

573 Simkin A, Ayalon J, Leichter I. Increased trabecular bone density due to 
bone-loading exercises in postmenopausal osteoporotic women. Calcif 
Tissue Int 1987; 40: 59-63. 

574 Snow-Harter C, Bouxsein ML, Lewis BT, et al. Effects of resistance and 
endurance exercise on bone mineral status of young women: a 
randomized exercise intervention trial. J Bone Miner Res 1992; 7: 761-
769. 

575 Ayalon J, Simkin A, Leichter I, Raifmann S. Dynamic bone loading 
exercises for postmenopausal women: effect on the density of the distal 
radius. Arch Phys Med Rehabil 1987; 68: 280-283.  

576 Menkes A, Mazel S, Redmond RA, et al. Strength training increases 
regional bone mineral density and bone remodeling in middle-aged and 
older men. J Appl Physiol 1993; 74: 2478-2484. 

577 Kenny AM, Prestwood KM, Marcello KM, Raisz LG. Determinants of 
bone density in healthy older men with low testosterone levels. J 
Gerontol A Biol Sci Med Sci 2000; 55: M492-M497. 

578 Snow CM, Shaw JM, Winters KM, Witzke KA. Long-term exercise using 
weighted vests prevents hip bone loss in postmenopausal women. J 
Gerontol A Biol Sci Med Sci 2000; 55: M489-M491. 

579 Kelley G. Aerobic exercise and lumbar spine bone mineral density in 
postmenopausal women: a meta-analysis. J Am Geriatr Soc 1998; 46: 
143-152. 

580 Kelley GA. Exercise and regional bone mineral density in 
postmenopausal women: a meta-analytic review of randomized trials. 
Am J Phys Med Rehabil 1998; 77: 76-87. 

581 Vuori IM. Dose-response of physical activity and low back pain, 
osteoarthritis, and osteoporosis. Med Sci Sports Exerc 2001; 33 (6 
Suppl): S551-S586; discussion S609-S610. 

582 den Uyl D, Bultink IE, Lems WF. Glucocorticoid-induced osteoporosis. 
Clin Exp Rheumatol 2011; 29 (5 Suppl 68): S93-S98. 

583 Rizzoli R, Body JJ, De Censi A, et al; European Society for Clinical and 
Economical aspects of Osteoporosis and Osteoarthritis (ESCEO). 
Guidance for the prevention of bone loss and fractures in 
postmenopausal women treated with aromatase inhibitors for breast 
cancer: an ESCEO position paper. Osteoporos Int 2012; Jan 20 [Epub 
ahead of print]. 

584 Schulman C, Irani J, Aapro M. Improving the management of patients 
with prostate cancer receiving long-term androgen deprivation therapy. 



Building healthy bones throughout life 

46 MJA Open 2 Suppl 1 ∙ 4 February 2013 

BJU Int 2012; 109 Suppl 6: 13-21. 
585 Ralston SH, Uitterlinden AG. Genetics of osteoporosis. Endocr Rev 

2010; 31: 629-662. 
586 Ioannidis G, Flahive J, Pickard L, et al; GLOW Investigators. Non-hip, 

non-spine fractures drive healthcare utilization following a fracture: the 
Global Longitudinal Study of Osteoporosis in Women (GLOW). 
Osteoporos Int 2012; Apr 12 [Epub ahead of print]. 

587 Baim S, Leslie WD. Assessment of fracture risk. Curr Osteoporos Rep 
2012; 10: 28-41. 

588 Cauley JA, Robbins J, Chen Z, et al; Women's Health Initiative 
Investigators. Effects of estrogen plus progestin on risk of fracture and 
bone mineral density: the Women’s Health Initiative randomized trial. 
JAMA 2003; 290: 1729-1738. 

589 Anderson GL, Limacher M, Assaf AR, et al; Women's Health Initiative 
Steering Committee. Effects of conjugated equine estrogen in 
postmenopausal women with hysterectomy: the Women’s Health 
Initiative randomized controlled trial. JAMA 2004; 291: 1701-1712. 

590 Ettinger B, Ensrud KE, Wallace R, et al. Effects of ultralow-dose 
transdermal estradiol on bone mineral density: a randomized clinical 
trial. Obstet Gynecol 2004; 104: 443-451. 

591 Prestwood KM, Kenny AM, Kleppinger A, Kulldorff M. Ultralow-dose 
micronized 17beta-estradiol and bone density and bone metabolism in 
older women: a randomized controlled trial. JAMA 2003; 290: 1042-
1048. 

592 Rossouw JE, Prentice RL, Manson JE, et al. Postmenopausal hormone 
therapy and risk of cardiovascular disease by age and years since 
menopause. JAMA 2007; 297: 1465-1477. 

593 Burger HG, MacLennan AH, Huang KE, Castelo-Branco C. Evidence-
based assessment of the impact of the WHI on women’s health. 
Climacteric 2012; 15: 281-287. 

594 Cremers S, Papapoulos S. Pharmacology of bisphosphonates. Bone 
2011; 49: 42-49. 

595 McClung MR, Miller PD, Brown JP, et al. Efficacy and safety of a novel 
delayed-release risedronate 35 mg once-a-week tablet. Osteoporos Int 
2012; 23: 267-276. 

596 Bolland MJ, Grey AB, Gamble GD, Reid IR. Effect of osteoporosis 
treatment on mortality: a meta-analysis. J Clin Endocrinol Metab 2010; 
95: 1174-1181. 

597 Pazianas M, Abrahamsen B. Safety of bisphosphonates. Bone 2011; 49: 
103-110. 

598 Ebeling PR. New drugs for osteoporosis. Aust Prescr 2011; 34: 176-181. 
599 Solomon DH, Mercer E, Woo SB, et al. Defining the epidemiology of 

bisphosphonate-associated osteonecrosis of the jaw: prior work and 
current challenges. Osteoporos Int 2012; Jun 16 [Epub ahead of print]. 

600 Akhtar NH, Afzal MZ, Ahmed AA. Osteonecrosis of jaw with the use of 
denosumab. J Cancer Res Ther 2011; 7: 499-500. 

601 Shane E, Burr D, Ebeling PR, et al; American Society for Bone and 
Mineral Research. Atypical subtrochanteric and diaphyseal femoral 
fractures: report of a task force of the American Society for Bone and 
Mineral Research. J Bone Miner Res 2010; 25: 2267-2294. 

602 Dell RM, Adams AL, Greene DF, et al. Incidence of atypical 
nontraumatic diaphyseal fractures of the femur. J Bone Miner Res 2012; 
27: 2544-2550. 

603 Bauer JS, Link TM. Advances in osteoporosis imaging. Eur J Radiol 
2009; 71: 440-449. 

604 Cummings SR, Bates D, Black DM. Clinical use of bone densitometry: 
scientific review. JAMA 2002; 288: 1889-1897. 

605 Pocock NA, Sambrook PN, Nguyen T, et al. Assessment of spinal and 
femoral bone density by dual X-ray absorptiometry: comparison of lunar 
and hologic instruments. J Bone Miner Res 1992; 7: 1081-1084. 

606 Pocock N, Culton N, Noakes K, Harmelin D. Discordant normal ranges 
for proximal femur bone density in Australia. Osteoporos Int 2001; 12: 
576-580. 

607 McMahon K, Nightingale J, Pocock N. Discordance in DXA male 
reference ranges. J Clin Densitom 2004; 7: 121-126. 

608 Henry MJ, Pasco JA, Pocock NA, et al. Reference ranges for bone 
densitometers adopted Australia-wide: Geelong Osteoporosis Study. 
Australas Radiol 2004; 48: 473-475. 

609 Boonen S, Laan RF, Barton IP, Watts NB. Effect of osteoporosis 
treatments on risk of non-vertebral fractures: review and meta-analysis 
of intention-to-treat studies. Osteoporos Int 2005; 16: 1291-1298. 

610 Adams JE. Quantitative computed tomography. Eur J Radiol 2009; 71: 
415-424. 

611 Khoo BC, Brown K, Cann C, et al. Comparison of QCT-derived and 
DXA-derived areal bone mineral density and T scores. Osteoporos Int 
2009; 20: 1539-1545. 

612 Bergot C, Laval-Jeantet AM, Hutchinson K, et al. A comparison of spinal 
quantitative computed tomography with dual energy X-ray 
absorptiometry in European women with vertebral and nonvertebral 
fractures. Calcif Tissue Int 2001; 68: 74-82. 

613 Melton LJ 3rd, Riggs BL, Keaveny TM, et al. Structural determinants of 
vertebral fracture risk. J Bone Miner Res 2007; 22: 1885-1892. 

614 Black DM, Bouxsein ML, Marshall LM, et al; Osteoporotic Fractures in 
Men (MrOS) Research Group. Proximal femoral structure and the 
prediction of hip fracture in men: a large prospective study using QCT. J 
Bone Miner Res 2008; 23: 1326-1333. 

615 Pitto RP, Mueller LA, Reilly K, et al. Quantitative computer-assisted 
osteodensitometry in total hip arthroplasty. Int Orthop 2007; 31: 431-438. 

616 Panel on the Prevention of Falls in Older Persons, American Geriatrics 
Society and British Geriatrics Society. Summary of the updated 

American Geriatrics Society/British Geriatrics Society clinical practice 
guideline for prevention of falls in older persons. J Am Geriatr Soc 2011; 
59: 148-157. 

617 Australian Commission on Safety and Quality in Health Care. Preventing 
falls and harm from falls in older people: best practice guidelines for 
Australian residential aged care facilities, 2009. Commonwealth of 
Australia, 2009. http://www.activeandhealthy.nsw.gov.au/assets/pdf/ 
RACF_Guidelines.pdf (accessed Aug 2012). 

618 Australian Commission on Safety and Quality in Health Care. Preventing 
falls and harm from falls in older people: best practice guidelines for 
Australian community care, 2009. Commonwealth of Australia, 2009. 
http://www.activeandhealthy.nsw.gov.au/assets/pdf/Community_Care_ 
Guidelines.pdf (accessed Aug 2012). 

619 Shumway-Cook A, Baldwin M, Polissar NL, Gruber W. Predicting the 
probability for falls in community-dwelling older adults. Phys Ther 1997; 
77: 812-819. 

620 Oliver D, Britton M, Seed P, et al. Development and evaluation of 
evidence based risk assessment tool (STRATIFY) to predict which 
elderly inpatients will fall: case-control and cohort studies. BMJ 1997; 
315: 1049-1053. 

621 Haines TP, Hill K, Walsh W, Osborne R. Design-related bias in hospital 
fall risk screening tool predictive accuracy evaluations: systematic 
review and meta-analysis. J Gerontol A Biol Sci Med Sci 2007; 62: 664-
672. 

622 Delbaere K, Close JC, Menz HB, et al. Development and validation of 
fall risk screening tools for use in residential aged care facilities. Med J 
Aust 2008; 189: 193-196.  

623 Tiedemann A, Lord SR, Sherrington C. The development and validation 
of a brief performance-based fall risk assessment tool for use in primary 
care. J Gerontol A Biol Sci Med Sci 2010; 65: 896-903. 

624 Stapleton C, Hough P, Oldmeadow L, et al. Four-item fall risk screening 
tool for subacute and residential aged care: The first step in fall 
prevention. Australas J Ageing 2009; 28: 139-143. 

625 Healey F, Monro A, Cockram A, et al. Using targeted risk factor reduction 
to prevent falls in older in-patients: a randomised controlled trial. Age 
Ageing 2004; 33: 390-395. 

626 Tinetti ME. Performance-oriented assessment of mobility problems in 
elderly patients. J Am Geriatr Soc 1986; 34: 119-126. 

627 Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A practical 
method for grading the cognitive state of patients for the clinician. J 
Psychiatr Res 1975; 12: 189-198. 

628 Natale A, Akhtar M, Jazayeri M, et al. Provocation of hypotension during 
head-up tilt testing in subjects with no history of syncope or presyncope. 
Circulation 1995; 92: 54-58. 

629 Clemson L, Fitzgerald MH, Heard R. Content validity of an assessment 
tool to identify home fall hazards: the Westmead Home Safety 
Assessment. Br J Occup Ther 1999; 62: 171-179. 

630 Gillespie LD, Robertson MC, Gillespie WJ, et al. Interventions for 
preventing falls in older people living in the community. Cochrane 
Database Syst Rev 2009; (2): CD007146. doi: 

10.1002/14651858.CD007146.pub2. 
631 Sherrington C, Whitney JC, Lord SR, et al. Effective exercise for the 

prevention of falls: a systematic review and meta-analysis. J Am Geriatr 
Soc 2008; 56: 2234-2243. 

632 Spink MJ, Menz HB, Fotoohabadi MR, et al. Effectiveness of a 
multifaceted podiatry intervention to prevent falls in community dwelling 
older people with disabling foot pain: randomised controlled trial. BMJ 
2011; 342: d3411. 

633 Haran MJ, Cameron ID, Ivers RQ, et al. Effect on falls of providing single 
lens distance vision glasses to multifocal glasses wearers: VISIBLE 
randomised controlled trial. BMJ 2010; 340: c2265. 

634 Clemson L, Mackenzie L, Ballinger C, et al. Environmental interventions 
to prevent falls in community-dwelling older people: a meta-analysis of 
randomized trials. J Aging Health 2008; 20: 954-971. 

635 Cameron ID, Murray GR, Gillespie LD, et al. Interventions for preventing 
falls in older people in nursing care facilities and hospitals. Cochrane 
Database Syst Rev 2010; (1): CD005465. 



AMPCo
Australasian Medical Publishing Company Proprietary Limited • ABN 20 000 005 854

AMPCo House, 277 Clarence Street, Sydney, NSW 2000 Australia
Telephone: 02 9562 6666 • International: +61 2 9562 6666 • Facsimile: 02 9562 6600 • Email: mja@mja.com.au

© Australasian Medical Publishing Company Proprietary Limited

MJA
The Medical Journal of Australia


