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THE IMPORTANCE OF BONE HEALTH
Osteoporosis (meaning ‘porous bones’) is a condition of very 
low bone mass that predisposes individuals to fracture from 
relatively low trauma, such as a fall from standing height, a 
sudden lift, or a forceful jolt. As the skeleton is hidden, the 
occurrence of a minimal trauma fracture is often the first sign 
of osteoporosis. Osteopenia refers to low bone mass that is 
not as severe as osteoporosis. A diagnosis of osteoporosis 
increases the risk of fracture 2- to 3-fold1. However, as many 
more people have osteopenia than osteoporosis,  
and a multitude of factors beyond bone mass contribute  
to the risk of fracture, most minimal trauma fractures (>50% 
of women and >70% of men) actually occur in individuals  
who are osteopenic2. 

In Australia, almost two thirds of adults over the age of 50 
have osteoporosis or osteopenia, which equates to almost 5 
million individuals, a number that is predicted to rise to over 
6 million by 2022. In that time, the annual financial cost of 
osteoporosis and osteopenia to Australians is expected to 
reach $3.84 billion3. 

COST OF OSTEOPOROSIS

The personal cost of osteoporotic fractures, including 
chronic pain, deformity, loss of height, disability, loss of 
independence and premature death, however, is a more 
dramatically tangible consequence for millions  
of Australians. 
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RISK FACTORS
Risk factors for osteoporotic fracture include increasing 
age, female sex, family history of low bone mass, physical 
inactivity, insufficient serum vitamin D, low intake of calcium, 
low body weight, smoking, excessive alcohol consumption, 
prolonged corticosteroid use and reduced circulating 
oestrogen4. The occurrence of a fracture greatly increases 
the risk of subsequent fractures.

GENETICS
Genes play a dominant role in determining the size and 
strength of our skeleton5, however, lifestyle practices, 
including diet and exercise, are highly influential. Indeed, 
for many, it is likely that osteoporosis can be prevented 
by making appropriate behavioural choices across the 
full course of the lifespan. The most potent preventative 
strategies include consistently engaging in regular bone 
and muscle stimulating exercise, and obtaining adequate 
calcium and vitamin D4 throughout life. It has been 
estimated that merely eliminating calcium and vitamin D 
deficiencies in Australia would reduce the direct costs of 
osteoporosis by over $400 million a year6.

LIFESTYLE FACTORS TO IMPROVE 
BONE HEALTH
EXERCISE 
Exercise is a vital stimulus for bone, however, only certain 
forms of physical activity are notably effective7. Weight 
bearing loading (performed while standing up) that includes 
rapid impact and strenuous muscle contractions is key. 
Swimming, cycling and other seated exercises are beneficial 
for improving muscle strength, which may maintain function, 
but are unlikely to increase bone mass. Sarcopenia (low 
muscle mass and strength) often accompanies osteoporosis, 
so resistance training is apposite exercise for the 
musculoskeletal system as a whole.  
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The strong association of falls with fracture highlights  
the importance of balance and mobility training in  
addition to bone and muscle strengthening, particularly  
in the later years.

The engagement in regular high intensity jumping and 
muscle stimulating exercise is vitally important for children 
and adolescents to maximise bone development and 
optimise peak bone mass (largely attained by age 20). 
Doing so is an important preventative strategy for low 
trauma fracture later in life, as it has been estimated 
that increasing peak bone mass by 10% could delay the 
development of osteoporosis by 13 years8. Exercise appears 
to exert the strongest stimulus in early-to-mid-puberty9 
so school-based, bone-targeted exercise programs are 
strongly recommended. Calcium supplementation may 
enhance the positive effect of exercise during growth10.

Exercise programs including high impact and unusual 
loading patterns in combination with high intensity 
resistance training is recommended for young to middle 
aged adults to consolidate and maintain bone mass 
acquired in youth11,12. Ongoing engagement in high intensity 
weight bearing exercise throughout life, incorporating a 
variety of sports that require unusual patterns of loading 
(basketball, field hockey, soccer, volleyball, netball) is highly 
recommended during the adult years7. An increased focus on 
resistance and balance training in middle age will prevent 
entering older age with strength and stability deficits that 
will predispose to falls and fracture.

Until recently, exercise appeared to effect only relatively 
small improvements in bone mass in aging adults with 
osteopenia and osteoporosis13,14.  In reality, this lack 
of efficacy appears to have been a function of overly 
conservative exercise prescription. Recent work has shown 
great efficacy of high intensity resistance and impact 
training (HiRIT) for bone mass even in individuals with 
advanced osteoporosis, along with marked improvements 
in back and lower extremity strength and functional 
performance15,16. The caveat to recommendations of HiRIT 
for individuals with poor bone mass is the requirement for 
close supervision by exercise specialists to ensure correct 
technique and appropriately graduated progressions in 
order to prevent injury. Improvements in bone from HiRIT 
appear to be greatest at the lumbar spine16,17 however, 
thickening of cortical bone has been observed at the 
femoral neck16, the common site of osteoporotic hip 
fractures. Such morphological adaptations are likely to 
translate to considerable improvements in bone strength 
and resistance to hip fracture.

IT HAS BEEN ESTIMATED THAT 
INCREASING PEAK BONE MASS BY 10% 
COULD DELAY THE DEVELOPMENT OF 

OSTEOPOROSIS BY 13 YEARS8.

Individuals who have already suffered an osteoporotic 
fracture have a high risk of refracture. In such cases, exercise 
prescription should emphasise fall prevention along with a 
very closely supervised and somewhat more conservative 
HiRIT program. There is evidence that function18,19, falls 
prevention20-22 and quality of life23 benefits can be achieved 
from considerably less intense exercise programs, including 
in long term care facilities24; all of which are highly 
meaningful outcomes irrespective of bone efficacy.

A minimum of six months duration and twice per week 
frequency are likely to be necessary for the benefits of 
exercise to be realised and detectable12,15, however very 
simple exercise routines (50 multidirectional hops) may 
require more frequent (daily) application26.

3 SIMPLE ACTIONS TO SUPPORT 
PATIENTS’ BONE HEALTH

DIET
A diet including all five food groups is important for bone 
health.  As calcium is the major building-block of bone tissue 
it is a vital nutrient for skeletal health27.  Vitamin D must be 
considered a partner nutrient of calcium as it is required for 
the absorption of calcium from the gut. A third nutritional 
priority for bone is protein. While young and middle-aged 
adults in Western societies typically consume adequate 
protein to sustain all body systems and functions, protein 
is particularly important during growth in childhood and 
can be less available in inadequate diets of old age which 
will contribute to losses in musculoskeletal mass. Fruits 
and vegetables contain an array of vitamins, minerals, 
antioxidants and alkaline salts - many of which may have a 
beneficial effect on bone. It is commonly held that excessive 
caffeine, salt and alcohol are detrimental to bone health.

CALCIUM
Inadequate dietary calcium increases the risk of bone 
loss and fracture28. The Australian Dietary Guidelines 
(ADG) recommend dietary intakes (RDI) for calcium during 
childhood from 500 mg/day during infancy, to 1300 mg/
day around puberty29, the latter reflecting the dramatic rate 
of bone growth during the teenage years – equating to 
roughly 40% of adult bone mass30.  
 

CALCIUM  
RICH FOODS

SAFE 
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WEIGHT  
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During adulthood the calcium RDI drops to 1000 mg/day 
until age 50 for women and 70 for men when it returns to 
1300 mg29. The Australian Health Survey (AHS)31 determined 
that 73% of females and 51% of males did not meet their 
calcium requirements from food, a trend which began 
in early childhood. Over the age of 50, men and women 
consumed an average of only ~700 mg/day31.

AUSTRALIAN DIETARY GUIDELINES 
RECOMMENDED CALCIUM INTAKES

It is recommended that at least three servings of dairy 
are consumed to achieve 1000-1300 mg of calcium per 
day4. Key findings of the AHS Consumption of Food Groups 
analysis32 indicated that Australians over the age of 2 years 
consumed an average of only 1.5 serves of dairy per day, 
with only 10% meeting the recommended number of serves 
(7.2% of females and 12% of males). In fact, less than 1% of 
men and women aged 71 years achieved the dairy and/or 
alternatives consumption recommendation on a usual basis 
and half consumed less than a third in 2011-1232.

Owing to a degree of uncertainty regarding a potentially 
increased risk of myocardial infarction from calcium 
supplementation33-35, there is a general consensus that 
calcium requirements should be obtained from the diet 
where possible. Milk and milk-based foods such as cheese 
and yoghurt are the greatest contributors to calcium in the 
Australian diet36. Lactose intolerant individuals can often 
tolerate cheese as most are low in lactose, and yoghurt, as 
lactose is broken down by the bacteria. Other food sources 
of calcium include sardines and salmon with edible bones, 
green leafy vegetables such as kale, broccoli, bok choy, 
tofu set with calcium, figs, apricots, almonds, and sesame 
products such as tahini. Plant-based beverages such as 
soy and almond drinks can provide a source of calcium, 
particularly if fortified. To be considered suitable dairy milk 
substitutes, they should contain similar levels of calcium 
to milk (100mg calcium per 100ml)31. Where preferences or 
intolerances prevent sufficient dietary calcium consumption, 
supplementation is recommended to a maximum of 500-
600 mg/day4, as the body cannot absorb larger  
boluses of calcium.  

ONLY 10% OF AUSTRALIANS OVER 
2 YEARS MEET THE RECOMMENDED 

NUMBER OF SERVES FROM THE  
DAIRY FOOD GROUP 32.

The upper limit for calcium absorption is 2500 mg/day. 
For greatest efficacy, calcium supplements should be 
administered with vitamin D35, 37, 38. Excessive caffeine,  
alcohol and diets high in oxalates (spinach and rhubarb) 
and phytates (cereal husks and dried beans) reduce  
calcium absorption.

MAJOR SOURCES OF CALCIUM

VITAMIN D
A serum level of >50 nmol/L vitamin D (25-hydroxyvitamin 
D) is generally recommended to support good bone 
health4, however, a large epidemiological study in 2012 
showed around 31% of Australians were deficient39. The most 
effective source is exposure to sunshine40 as vitamin D3 is 
produced in the skin in response to UVB light. In view of the 
high risk of skin carcinogenesis in fair-skinned populations, 
comprehensive guidelines for safe sun exposure that will 
provide the recommended serum concentration of 25(OH)
D according to time of year, geographical location and 
skin type have been developed and are available from a 
number of sources41-43. For those who nevertheless receive 
minimal sun exposure, the Institute of Medicine (IOM) 
recommended vitamin D intake is 400-600 IU daily for 
all ages and sexes44, 45, however, the Endocrine Practice 
Guidelines Committee (EPGC) recommends 600-1000 IU 
up to age 18 and then 1500-2000 IU for older adults45. The 
relative difficultly of obtaining adequate vitamin D from 
the diet (oily fish, beef liver, butter, eggs, mushrooms) and 
the equivocation in respect to optimum supplementation 
suggests appropriately conservative sun exposure is the 
most effective strategy to obtain sufficient levels of 25(OH)
D. It is important to note that individuals with dark skin and 
the elderly produce less vitamin D for the same degree 
of sun exposure. While meta-analyses suggest minimal 
BMD or fracture benefit from vitamin D supplementation in 
isolation46, 47, there is some evidence that combined calcium/
vitamin D supplementation may be efficacious in compliant 
patients48, 49, more is not necessarily better46, and deficient 
patients are likely to respond most47.

 
 
 
 
 

YOGHURTMILKCHEESE

Infants 500 mg/day

Adolescents 1300 mg/day

Adults 1000 mg/day

Women (50+) & Men (70+) 1300 mg/day
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PROTEIN
Protein is required to develop and maintain bone and muscle 
mass and strength50. Higher protein intake is associated with 
higher BMD51-53, lower risk of hip fracture54, 55, and improved 
recovery in hospitalised hip fracture patients56. Animal 
sources of dietary protein include lean red meat, poultry and 
fish, eggs and dairy products. Vegetable sources of protein 
include legumes such as lentils and kidney beans, soya 
products such as tofu, as well as grains, nuts and seeds. 
Most Australians are replete in macronutrients, including 
protein, however 14% of men and 4% of women over the 
age of 71 did not meet their protein requirements in 2011-
1231. As dairy foods provide a source of both protein and 
calcium they may provide a simple dietary option to address 
shortfalls in both nutritional requirements.

OTHER NUTRIENTS
There is evidence to suggest higher fruit and vegetable 
consumption is associated with beneficial effects on bone 
density in elderly men and women57. The influence of  
non-D vitamins and minerals on bone health is not well-
understood owing to a lack of high-quality evidence, 
however, potassium, phosphorous, magnesium, 
carbohydrate, vitamin A (moderate amounts), riboflavin, 
vitamin B12, vitamin K and zinc may be important for bone 
health58. Dairy foods provide a natural source of those 
nutrients59. Plant-based ‘milks’ such as those made from 
soy and almonds, do not have the same combination of 
nutrients for bone and muscle strength. 
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THE ROLE OF HEALTH PROFESSIONALS
Traditionally there has been no single medical specialty 
dedicated to the management of osteoporosis. Typically, 
patients consult a GP and are referred to either an 
endocrinologist or a rheumatologist for specialist care.  
Orthopaedic surgeons play a role following fracture 
if surgery is required, but are not typically involved in 
prevention or rehabilitation. While all consulting clinicians 
are likely to make generalised recommendations about 
healthy lifestyle practices, the primary therapeutic strategy 
for GPs and specialists is osteoporosis medication. Recent 
evidence suggests a bone-targeted exercise program 
combined can be a potent therapeutic stimulus to improve 
bone mass and reduce falls in individuals with low to very 
low bone mass16, 60. 

The relative fragility of osteoporotic patients and the high 
intensity nature of bone-stimulating exercise requires close 
supervision by appropriately qualified specialists, such as 
accredited exercise physiologists or physiotherapists. The 
identification of dietary sources of calcium, vitamin D and 
protein, along with other important micronutrients will be 
aided by consultation with a suitably trained dietitian.

BONE HEALTH OVER TIME

 

CHILDHOOD 
Gaining Bone 

Density

ADULTHOOD 
Consolidating  
Bone Density

POST 50 YEARS 
Maintaining  

Musculoskeletal 
Health

PROTEIN IS REQUIRED TO DEVELOP 
AND MAINTAIN BONE AND MUSCLE 

MASS AND STRENGTH 50.
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